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WMD-RMTj 

EPA, REGION V, 

Mr. Gale Hruska 
U.b. Environmental Protection Agency 
Region V 
230 South Dearborn Street 
Chicago, IL 60604 Project No. 4006JB 

RE: RCRA Part B Permit Submittal 
Union O i l , Chicago Refinery 
I.D. No. ILDO41550567 

Dear Mr. Hruska: 

A t t a c h e d are four (4) sets of the remaining sections for the 
Union O i l of C a l i f o r n i a Chicago R e f i n e r y , P a r t B Permit 
A p p l i c a t i o n f o r t h e i r hazardous waste l a n d treatment 
operation. This submittal completes the per m i t a p p l i c a t i o n 
sections that were submitted on May 31, 1984. 

Also attached is a f i n a l completeness checklist t o r e f e r e n c e 
r e g u l a t o r y r e q u i r e m e n t s w i t h s p e c i f i c sections within the 
permit application. 

Very t r u l y yours, 

Enc. 

OO a Xi • iD v- IS C UL 11 
Union O i l , C h i c a g o R e f i n e r y 

An affiliate of the Environmental Resources Management Croup with offices in 
Boston, MA • Brentwood, TN • Chatham, NJ • Columbus, OH - Houston, TX • Jackson, MS 

Marietta, CA • palatine, i l • Plainview, NY • Tampa, FL • west Chester, PA 
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SECTION G 

CONTINGENCY PLAN 

INTRODUCTION 

The i n f o r m a t i o n c o n t a i n e d h e r e i n i s s u b m i t t e d i n a c c o r d a n c e 

w i t h t h e r e q u i r e m e n t s f o r a c o n t i n g e n c y p l a n , as c o n t a i n e d 

i n 40 CFR 264 Subpart D. 

CONTINGENCY PLAN 

The i n t e n t of 40 CFR 264 , S u b p a r t D-Cont i n g e n c y P l a n and 

E m e r g e n c y P r o c e d u r e s , i s t o e n s u r e t h a t f a c i l i t i e s t h a t 

t r e a t , s t o r e , o r d i s p o s e o f h a z a r d o u s w a s t e s h a v e 

e s t a b l i s h e d p r o c e d u r e s i n the event an emergency s i t u a t i o n 

s h o u l d a r i s e . 

G-1 General Information 

The U n i o n O i l Company o f C a l i f o r n i a , C h i c a g o 

( h e r e a f t e r r e f e r r e d t o as the Chicago R e f i n e r y ) 

i n W i l l County, I l l i n o i s , near the c i t y of Lemont, 

The m a i l i n g address i s : 

R e f i ne r y 

i s l o c a t e d 

I l l i n o i s . 



Union O i l Company of C a l i f o r n i a 

C h i c a g o R e f i n e r y 

135th S t r e e t and New Avenue 

Lemont, I l l i n o i s 60439. 

Phone: (312) 257-7761 

The C h i c a g o R e f i n e r y i s a p e t r o l e u m r e f i n e r y w i t h a r a t e d 

c a p a c i t y o f 154,000 b a r r e l s per day, e m ploying a p p r o x i m a t e l y 

705 p e o p l e . The r e f i n e r y p r o d u c e s 25 d i f f e r e n t p r o d u c t s 

i n c l u d i n g : 

• g a s o l i n e 

• f u r n a c e o i l s 

• j e t f u e l s 

• d i e s e l f u e l s 

• v a r i o u s s p e c i a l t y naphthas 

• p e t r o l e u m coke 

T h i s C o n t i n g e n c y P l a n s p e c i f i c a l l y covers t h e l a n d t r e a t m e n t 

a r e a l o c a t e d as shown on F i g u r e G-1. 

The e x i s t i n g l a n d t r e a t m e n t s i t e e n c o m p a s s e s a p p r o x i m a t e l y 

28 a c r e s , w h i c h i n c l u d e s f o u r ( 4 ) l a n d f a r m p l o t s (13.3 

a c r e s ) , roadways, a n o n h a z a r d o u s w a s t e s t o r a g e a n d d e c a n t 

G-2 
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b a s i n , and u n f i l l e d b u f f e r zones around each l a n d farm p l o t . 

The s i t e was o r i g i n a l l y opened i n 1973. 

I t i s e x p e c t e d t h a t o n l y the f o l l o w i n g hazardous wastes w i l l 

be t r e a t e d a t t h e l a n d f a r m s i t e ; A P I s e p a r a t o r s l u d g e 

( K 0 5 1 ) and s l o p o i l e m u l s i o n s (K049 ). The n o n h a z a r d o u s 

wastes which w i l l c o n t i n u e t o be t r e a t e d i n c l u d e : w a t e r and 

w a s t e w a t e r t r e a t m e n t s l u d g e ; s t o r m w a t e r h o l d i n g b a s i n 

s l u d g e ; heavy o i l s l u d g e ( d e c a n t o i l s e d i m e n t ) ; c o o l i n g 

t o w e r s l u d g e ; c l e a r w e l l s l u d g e ; c o r r u g a t e d p l a t e s e p a r a t o r 

bottoms; and, tank c l e a n i n g wastes. 

The c o n t a c t a n d p a r t y r e s p o n s i b l e f o r t h e l a n d t r e a t m e n t 

o p e r a t i o n a t the Chicago R e f i n e r y i s : 

The S u p e r i n t e n d e n t of T r a n s f e r and B l e n d i n g 

(312) 257-7761 

Due t o t h e n a t u r e o f t h e w a s t e s a p p l i e d a n d s i n c e a l l 

h a z a r d o u s w a s t e s w i l l be s u b s u r f a c e i n j e c t e d , t h e 

p o s s i b i l i t y o f a f i r e or e x p l o s i o n a t t h e l a n d t r e a t m e n t 

s i t e i s e x t r e m e l y r e m o t e . The f o l l o w i n g s u b s e c t i o n s 

h o w e v e r , o u t l i n e t h e p r o c e d u r e s t o t a k e i f an emergency 

s h o u l d o c c u r . 



G-la Land Treatment Area Drainage 

A d r a i n a g e d i t c h f o r s u r f a c e r u n o f f f l o w s through t h e l a n d 

t r e a t m e n t a r e a . T h i s d i t c h c o l l e c t s r u n o f f f r o m t h e l a n d 

t r e a t m e n t a r e a as w e l l as the a r e a t o t h e e a s t . The f l o w i n 

t h i s d i t c h u l t i m a t e l y d i s c h a r g e s t o t h e C h i c a g o R e f i n e r y ' s 

s t o r m w a t e r r e t e n t i o n p o n d s and i s t r e a t e d i n t h e i r 

wastewater t r e a t m e n t p l a n t . D i s c h a r g e f r o m t h e w a s t e w a t e r 

t r e a t m e n t p l a n t i s t o t h e S a n i t a r y a n d S h i p C a n a l and 

c u r r e n t l y has an NPDES P e r m i t . G r a d i n g o f t h e l a n d 

t r e a t m e n t a r e a m i n i m i z e s r u n o f f from the l a n d farm p l o t s . 

G-lb Security 

S e c u r i t y a t t h e Chicago R e f i n e r y i s m a i n t a i n e d by a s t a f f of 

t r a i n e d s e c u r i t y p e r s o n n e l who m o n i t o r e n t r y and e x i t f r o m 

t h e r e f i n e r y grounds, as w e l l as p r o v i d i n g s e c u r i t y measures 

w i t h i n t h e p l a n t . 

A l l o p e n g a t e s a r e m o n i t o r e d by s e c u r i t y p e r s o n n e l . Guards 

p r e v e n t e n t r y of any p e r s o n w i t h o u t p r i o r a u t h o r i z a t i o n . 

A n y o n e f o u n d on t h e p r o p e r t y w i t h o u t a temporary pass or 

c o n t r a c t o r ' s b a d g e , o r w i t h o u t h a v i n g r e g i s t e r e d a t t h e 

S o u t h o r N o r t h G a t e , i s e s c o r t e d t o t h e South Gate t o await 
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c l e a r a n c e . A v e h i c l e i n s p e c t i o n i s made of a l l v e h i c l e s 

l e a v i n g U n i o n O i l p r o p e r t y . A p e r s o n n e l s e c u r i t y i n s p e c t i o n 

i s made o f a l l i n d i v i d u a l s l e a v i n g U n i o n O i l p r o p e r t y on 

f o o t , e x c e p t p e r s o n n e l l e a v i n g t h e m a i n a d m i n i s t r a t i o n 

b u i l d i n g . 

There i s one s e c u r i t y o f f i c e r a s s i g n e d t o a r o v i n g c o n t r o l 

p o s t ( a U n i o n O i l v e h i c l e ) a t a l l times and on a l l s h i f t s . 

The p r i m a r y f u n c t i o n of t h i s p o s t i s t o p a t r o l t h e r e f i n e r y 

a r e a s a s w e l l as t h e Tank Farms. The p a t r o l i s on t h e a l e r t 

f o r a n y t h i n g abnormal w i t h r e s p e c t t o s a f e t y o r s e c u r i t y o f 

p e r s o n n e l o r e q u i p m e n t . The hazardous waste l a n d t r e a t m e n t 

a r e a i s i n c l u d e d i n t h i s s e c u r i t y i n s p e c t i o n . I n o r d e r t o 

g a i n a c c e s s t o t h e h a z a r d o u s w a s t e l a n d t r e a t m e n t a r e a , 

e n t r y t o t h e Tank Farm, s o u t h o f 1 2 7 t h S t r e e t a n d e a s t o f 

H i g h R o a d , must f i r s t be made. Access t o the Tank Farm can 

o n l y be made i n one of t h e f o l l o w i n g ways: 

1. By s h o w i n g p r o p e r i d e n t i f i c a t i o n t o t h e N o r t h 

Gate Guard; 

2. By use of an a u t h o r i z e d v e h i c l e ; and, 

3. By use of a remote c o n t r o l gate opener. 
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A c c e s s t o the l a n d t r e a t m e n t a r e a f r o m t h e Tank F a r m i s 

c o n t r o l l e d by a n 8 f o o t h i g h c h a i n l i n k s e c u r i t y f e n c e . 

T h i s f e n c e i s p r o v i d e d w i t h w a r n i n g s i g n s and g a t e s . 

E a c h g a t e i s p o s t e d w i t h t h e s i g n b e a r i n g t h e l e g e n d : 

" D a n g e r — U n a u t h o r i z e d P e r s o n n e l Keep Out." T h e s e s i g n s a r e 

a l s o l o c a t e d on t h e fence so as t o be seen from any approach 

t o t h e l a n d t r e a t m e n t a r e a . 

I n a d d i t i o n t o t h e g e n e r a l s e c u r i t y p r o v i s i o n s of f e n c i n g , 

g a t e s , g u a r d s , and s e c u r i t y p e r s o n n e l , a number o f o t h e r 

f e a t u r e s c o n t r i b u t e t o t h e s a f e t y and s e c u r i t y o f t h e 

C h i c a g o R e f i n e r y . Employees have immediate a c c e s s t o a l a r m s 

a n d t e l e p h o n e a n d / o r r a d i o c o m m u n i c a t i o n equipment. The 

C h i c a g o R e f i n e r y i s s u p p l i e d w i t h an a l a r m s y s t e m , a p u b l i c 

a d d r e s s s y s t e m , a n d an i n t e r n a l t e l e p h o n e system. The same 

t e l e p h o n e s y s t e m i s u s e d f o r c o m m u n i c a t i o n s o u t s i d e t h e 

p l a n t . A d d i t i o n a l l y , e x t e n s i v e u s e of hand-held two-way 

r a d i o s i s made. The t r a c t o r u n i t u s e d t o tow t h e l i q u i d 

m a n u r e s p r e a d e r a n d t h e h a z a r d o u s w a s t e vacuum t r u c k a r e 

e q u i p p e d w i t h two-way r a d i o s . 

E m p l o y e e s a r e r e q u i r e d t o show i d e n t i f i c a t i o n badges, w i t h 

p i c t u r e s , when r e p o r t i n g f o r work. V i s i t o r s must s i g n a l o g 
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s h e e t and c a r r y a t e m p o r a r y p a s s , and c o n t r a c t o r s have an 

i d e n t i f i c a t i o n badge they must c a r r y a t a l l t i m e s . 

G - l c Hazardous Waste C h a r a c t e r i s t i c s 

C u r r e n t l y , no hazardous w a s t e s a r e b e i n g l a n d t r e a t e d . The 

C h i c a g o R e f i n e r y i n t e n d s t o s t a r t l a n d t r e a t m e n t o f 

h a z a r d o u s w a s t e s o n l y a f t e r t h e P a r t B p e r m i t a p p l i c a t i o n 

has been approved. 

Two l i s t e d h a z a r d o u s w a s t e s — API s e p a r a t o r s l u d g e (K051) 

a n d s l o p o i l e m u l s i o n s (K049 ) -- have been i d e n t i f i e d f o r *** 

a p p l i c a t i o n t o the l a n d treatment p l o t s . 

C u r r e n t g e n e r a t i o n o f API s e p a r a t o r s l u d g e i s a p p r o x i m a t e l y 

13 d r y tons per y e a r . This waste i s c l a s s i f i e d as h a z a r d o u s 

due t o t h e p r e s e n c e of chromium and l e a d and has a h a z a r d 

code of T, T o x i c . 

The C h i c a g o R e f i n e r y has n o t , t o d a t e , g e n e r a t e d any s l o p 

o i l e m u l s i o n s due t o t h e m a n u f a c t u r i n g p r o c e s s b e i n g u s e d . 

T h i s p r o c e s s has o p e r a t e d f o r a p p r o x i m a t e l y 14 years w i t h o u t 

any w a s t e s b e i n g g e n e r a t e d , b u t t h e w a s t e h a s b e e n 
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i d e n t i f i e d a n d i n c l u d e d i n t h i s p e r m i t a p p l i c a t i o n as a 

c o n t i n g e n c y f o r t r e a t m e n t a t t h e l a n d t r e a t m e n t s i t e . S l o p 

o i l e m u l s i o n s a r e l i s t e d due t o t h e presence of chromium and 

l e a d and has a hazard code of T, T o x i c . 

Tank c l e a n i n g w a s t e s a r e generated on an i n t e r m i t t e n t b a s i s . 

The l a s t waste generated from tank c l e a n i n g was i n 19 81, and 

a t t h a t t i m e , t h e wa s t e had a f l a s h p o i n t above 140°F and 

was t h e r e f o r e n o t c l a s s i f i e d as i g n i t i b l e . A t o t a l o f 150 

d r y t o n s was g e n e r a t e d . A l l t a n k c l e a n i n g w a s t e s w i l l be *** 

a n a l y z e d a c c o r d i n g t o t h e program s e t f o r t h i n S e c t i o n C. *** 

I f any s u c h a n a l y s e s shows a f l a s h p o i n t l e s s t h a n 140°F, ***. 

t h e n t h e t a n k c l e a n i n g , w a s t e s w i l l n o t be l a n d t r e a t e d . *** 

C o n s e q u e n t l y , any t a n k c l e a n i n g w a s t e s l a n d t r e a t e d w i l l be *** 

nonhazardous wastes. , *** 

The h a z a r d s a s s o c i a t e d w i t h each o f the above wastes can be 

summarized as f o l l o w s : 

Hazardous 

Waste Hazard 

B a s i s f o r Hazard 

D e s i g n a t i o n 

API S e p a r a t o r 

Sludge 

T o x i c L i s t e d Waste K-051; 

l e a d and h e x a v a l e n t 

chromium 

S l o p O i l 

Emulsions 

T o x i c L i s t e d Waste K049; 

l e a d and h e x a v a l e n t 

chromium 
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Nonhazardous wastes a r e c u r r e n t l y b e i n g t r e a t e d a t t h e l a n d 

t r e a t m e n t s i t e . I n g e n e r a l , t h e a n n u a l q u a n t i t y o f 

n o n h a z a r d o u s w a s t e s t r e a t e d t o t a l s a b o u t 4,220 d r y t o n s . 

T h r e e o f t h e n o n h a z a r d o u s w a s t e s h a v e i n t e r m i t t e n t 

g e n e r a t i o n r a t e s , once e v e r y t h r e e t o f i v e y e a r s . S h o u l d 

a l l of t h e s e w a s t e s be generated i n the same y e a r , the t o t a l 

nonhazardous waste q u a n t i t y b e i n g t r e a t e d w o u l d i n c r e a s e t o 

a p p r o x i m a t e l y 4,600 dry t o n s . 

The s i x n o n h a z a r d o u s w a s t e s b e i n g l a n d t r e a t e d , a l o n g w i t h 

t h e major waste c o n s t i t u e n t a r e : 

Nonhazardous Major Waste 

Waste C o n s t i t u e n t 

C l e a r W e l l 

Sludge I n o r g a n i c s 
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C o o l i n g Tower 

Sludge I n o r g a n i c s 

C o r r u g a t e d P l a t e 

S e p a r a t o r Bottoms O i l & Grease 

Heavy O i l 

Sludge O i l & Grease 

Storm Water 

Pond Dredgings O i l & Grease 

Water & Wastewater 

Sludge O i l & Grease 

As p r e v i o u s l y i n d i c a t e d , s i n c e o n l y n o n h a z a r d o u s t a n k *** 

c l e a n i n g wastes w i l l be l a n d t r e a t e d , t h e s e w a s t e s w i l l a l s o *** 

c o n t r i b u t e an o i l and g r e a s e f r a c t i o n to the l a n d t r e a t m e n t *** 

G- l d Emergency Communication, Alarms and Equipment 

A l l f a c i l i t i e s a t t h e C h i c a g o R e f i n e r y a r e e q u i p p e d w i t h 

s a f e t y and emergency equipment t o m i n i m i z e the p o t e n t i a l f o r 

e m e r g e n c i e s s p e c i f i c t o each a r e a or p r o c e s s . P a r t i c u l a r 

c a r e has been t a k e n t o p r o v i d e s u f f i c i e n t space t o a l l o w the 

u n o b s t r u c t e d movement o f p e r s o n n e l , f i r e p r o t e c t i o n 

e q u i p m e n t , s p i l l c o n t r o l e q u i p m e n t , and d e c o n t a m i n a t i o n 

equipment t o any area i n an emergency. 

system. 
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A s e c u r i t y s y s t e m a d e q u a t e t o 

emergency preparedness i s i n p l a c e 

i n s u r e t h e i n t e g r i t y 

a t the r e f i n e r y . 

o f 

G-ld(l) Communications and Alarms 

The C h i c a g o R e f i n e r y h a s an i n t e r n a l t e l e p h o n e system, a 

p u b l i c a d d r e s s s y s t e m , a l a r m s , a n d t w o - w a y r a d i o 

c o m m u n i c a t i o n s e q u i p m e n t . The i n t e r n a l t e l e p h o n e system 

a l s o f u n c t i o n s as an e x t e r n a l t e l e p h o n e f o r c o n t a c t i n g a n y 

l o c a l o r l o n g d i s t a n c e t e l e p h o n e number. Union O i l u t i l i z e s 

an emergency response w h i s t l e which i s c e n t r a l l y c o n t r o l l e d 

by t h e N o r t h G a t e G u a r d House. On b e i n g c o n t a c t e d , e i t h e r 

by d i a l i n g E x t e n s i o n 222 on t h e i n t e r n a l t e l e p h o n e s y s t e m o r 

by t w o - w a y r a d i o communication on an emergency c h a n n e l , t h e 

North Gate Guard House i n i t i a t e s an e s t a b l i s h e d e m e r g e n c y 

r e s p o n s e p r o c e d u r e . Depending on the t y p e of emergency, the 

North Gate Guard House c a l l s f o r a f i r e r e s p o n s e , m e d i c a l 

a i d , or t h e Emergency C o o r d i n a t o r . 

G-ld(2) F i r e Fighting and Emergency Equipment 

The C h i c a g o R e f i n e r y i s s e r v e d by f i r e h y d r a n t s w i t h mains 

of e i t h e r 10 or 12 i n c h e s c a r r y i n g w a t e r a t a n o m i n a l 150 

p o u n d s p r e s s u r e . The f i r e h y d r a n t s n e a r e s t t h e l a n d 

t r e a t m e n t a r e a a r e a l o n g East 13th S t r e e t , a n d a r e l o c a t e d 
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from 120 t o 1500 f e e t from a l l p a r t s o f t h e l a n d t r e a t m e n t 

f a c i l i t y ( F i g u r e G-3). 

The C h i c a g o R e f i n e r y h a s d e d i c a t e d f i r e t r u c k s and o t h e r 

e m e r g e n c y r e s p o n s e e q u i p m e n t o n - s i t e . T h i s f i r e f i g h t i n g 

e q u i p m e n t has t h e c a p a b i l i t y f o r w a t e r p u m p i n g , f o a m 

s o l u t i o n p u m p i n g , and dry c h e m i c a l f i r e e x t i n g u i s h e r s . The 

emergency a i d e q u i p m e n t i n c l u d e s a i r p a c k s , a p r o x i m i t y 

s u i t , a n d a f u l l y equipped ambulance. A l l of t h i s equipment 

i s u n d e r t h e d i r e c t s u p e r v i s i o n of t h e F i r e P r o t e c t i o n 

S u p e r v i s o r , who a l s o has r e s p o n s i b i l i t y f o r i n s p e c t i o n , 

maintenance, and r e p a i r . A more complete l i s t o f e m e r g e n c y 

equipment i s shown i n Attachment G-1. 

The l o c a t i o n of t h e C h i c a g o R e f i n e r y ' s f i r e s t a t i o n , and 

o t h e r m o b i l e e q u i p m e n t l o c a t e d w i t h i n the r e f i n e r y i s shown 

on F i g u r e G-3. 

G-le S p i l l C o n t r o l Equipment 

The R e f i n e r y m a i n t a i n s t h e f o l l o w i n g s p i l l c o n t r o l 

equipment: 

• Two vacuum t r u c k s a s s i g n e d by t r u c k d i s p a t c h e r . 
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• Sorbent m a t e r i a l s . 

G-2 Emergency Coordinator 

I f an e m e r g e n c y s i t u a t i o n d e v e l o p s of such p r o p o r t i o n as t o 

r e q u i r e t h e a s s i s t a n c e o f t h e p l a n t f i r e o r r e s c u e s q u a d , 

e x t e n s i o n 222 ( t h e r e f i n e r y e m e r g e n c y t e l e p h o n e number) 

would be c a l l e d i m m e d i a t e l y . T h i s number r i n g s a t t h e N o r t h 

G a t e G u a r d House w h i c h has r e s p o n s i b i l i t y f o r c o o r d i n a t i n g 

a l l emergency c a l l s as w e l l a s m o n i t o r i n g t h e e m e r g e n c y 

f r e q u e n c y f r o m t h e two-way r a d i o communication system. I f 

t h e e m e r g e n c y c o n c e r n s t h e h a z a r d o u s w a s t e s t o r a g e , 

t r a n s p o r t a t i o n o r t h e l a n d t r e a t m e n t a r e a , t h e Emergency 

C o o r d i n a t o r i s n o t i f i e d by p a g e r o r t e l e p h o n e . T h e 

E m e r g e n c y C o o r d i n a t o r h as complete a u t h o r i t y t o commit a l l 

r e s o u r c e s o f t h e company i n t h e e v e n t o f an e m e r g e n c y . 

T a b l e G-1 l i s t s o r g a n i z a t i o n s t h a t c o u l d p o s s i b l y be 

c o n t a c t e d by the Emergency C o o r d i n a t o r i n t h e e v e n t o f s u c h 

an emergency. 
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Zhe E m e r g e n c y C o o r d i n a t o r h a s t h e f l e x i b i l i t y t o r e q u e s t 

a s s i s t a n c e a n d / o r r e p l a c e m e n t w h e n e v e r a p p r o p r i a t e . 

F u r t h e r , t h e N o r t h G a t e Guard House m a i n t a i n s a l i s t i n g o f 

a l l home t e l e p h o n e n u m b e r s a n d , i f t h e e m e r g e n c y o c c u r s 

a f t e r n o r m a l w o r k i n g h o u r s , p l a n t s e c u r i t y w i l l c o n t a c t t h e 

Emergency C o o r d i n a t o r a t home. 

A l l i n d i v i d u a l s d e s i g n a t e d as E m e r g e n c y C o o r d i n a t o r s on 

T a b l e G-2 h a v e p r a c t i c a l r e f i n e r y e x p e r i e n c e a n d h a v e 

r e c e i v e d b o t h c l a s s r o o m a n d f i e l d t r a i n i n g a p p r o p r i a t e t o 

t h e i r r e s p o n s i b i l i t i e s . T h i s t r a i n i n g i s p e r i o d i c a l l y 

updated. 

G-3 Implementation o f t h e C o n t i n g e n c y P l a n 

I n o r d e r t o m i n i m i z e hazards t o t h e environment or t o human 

h e a l t h , C h i c a g o R e f i n e r y management h a s d e v e l o p e d a 
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C o n t i n g e n c y P l a n t h a t s p e c i f i e s p rocedures t o be implemented 

a t t h e f a c i l i t y i n the event of a f i r e , e x p l o s i o n , h a z a r d o u s 

w a s t e s p i l l , o r o t h e r e m e r g e n c y t h a t c o u l d t h r e a t e n human 

h e a l t h o r t h e e n v i r o n m e n t . T h e r e s p o n s i b i l i t y f o r 

i m p l e m e n t a t i o n of these p r o c e d u r e s and f o r c o o r d i n a t i o n w i t h 

l o c a l a u t h o r i t i e s and emergency r e s p o n s e teams r e s t s w i t h 

t h e Emergency C o o r d i n a t o r . 

T a b l e G-3 p r o v i d e s a summary o f e m e r g e n c y p r o c e d u r e s . A l l 

f a c i l i t y employees are t r a i n e d i n how t o r e p o r t emergencies. 

T h e d e t a i l s o f t h e C o n t i n g e n c y P l a n a re d e s c r i b e d i n t h e 

f o l l o w i n g s e c t i o n s . 

G-4 Emergency Response P r o c e d u r e s 

The f o l l o w i n g procedures a r e t o be f o l l o w e d i n t h e e v e n t o f 

a f i r e , e x p l o s i o n , o r s p i l l a t t h e h a z a r d o u s waste l a n d 

t r e a t m e n t a r e a . I t s h o u l d be n o t e d t h a t U n i o n O i l has 

i s s u e d s p e c i f i c r e s p o n s e / r e s p o n s i b i l i t i e s procedures t o be 
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f o l l o w e d by employees, t h e f i r e b r i g a d e and o t h e r d e s i g n a t e d 

p e r s o n n e l t o a d d r e s s a l l t y p e s o f e m e r g e n c y / s e c u r i t y 

p r o c e d u r e s . The f o l l o w i n g paragraphs p r o v i d e , i n n a r r a t i v e 

f o r m a t , an overview of t h e C h i c a g o R e f i n e r y ' s c o m p r e h e n s i v e 

e m e r g e n c y r e s p o n s e p r o c e d u r e as r e l a t e d t o t h e l a n d 

t r e a t m e n t a r e a . 

I t i s t h e r e s p o n s i b i l i t y o f e a c h e m p l o y e e t o r e p o r t any 

emergency by u s i n g t h e r e f i n e r y e m e r g e n c y t e l e p h o n e number 

( 222 ) . T h i s e x t e n s i o n number 222 r i n g s i n t h e N o r t h Gate 

Guard House. The Guard on d u t y h a s t h e r e s p o n s i b i l i t y t o 

f i r s t d e t e r m i n e w h a t t y p e o f emergency e x i s t s ( i e . , f i r e , 

m e d i c a l a i d r e q u i r e d , s p i l l ) and then t o i n i t i a t e t h e p r o p e r 

r e s p o n s e . W r i t t e n d o c u m e n t a t i o n o f t h e s e r e s p o n s e 

p r o c e d u r e s are c o n t a i n e d i n t h e Emergency P r o c e d u r e s M a n u a l , 

a c o p y o f w h i c h i s m a i n t a i n e d a t t h e North Gate Guard House. 

The guard on d u t y has t h e r e s p o n s i b i l i t y t o : s o u n d t h e 

a l a r m s ; p r o v i d e d i r e c t i o n o v e r t h e p u b l i c address system; * 

c o n t a c t t h e Emergency C o o r d i n a t o r ( T a b l e G-2) a n d r e q u e s t , * 

i f d i r e c t e d b y t h e E m e r g e n c y C o o r d i n a t o r , o u t s i d e 

a s s i s t a n c e ; a n d , c o n t r o l a n d d i r e c t o u t s i d e e m e r g e n c y 

res p o n s e s t o the a p p r o p r i a t e p o r t i o n of t h e r e f i n e r y . 
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As p r e v i o u s l y d i s c u s s e d , t h e N o r t h Gate Guard House a l s o 

m o n i t o r s t h e f i r e / s e c u r i t y f r e q u e n c y a t t h e C h i c a g o 

R e f i n e r y . 

A copy o f the Emergency P r o c e d u r e s Manual d i s c u s s e d a b o v e i s 

m a i n t a i n e d a t t h e North Gate Guard House and i s i n c l u d e d as 

Attachment G-1 t o t h i s S e c t i o n . 

A f t e r b e i n g n o t i f i e d , t h e E m e r g e n c y C o o r d i n a t o r assumes 

r e s p o n s i b i l i t y f o r implementing emergency p r o c e d u r e s a n d f o r 

d i r e c t i n g a l l e m e r g e n c y r e s p o n s e s r e l a t e d t o t h e s t o r a g e , 

t r a n s p o r t a t i o n or l a n d t r e a t m e n t of h a z a r d o u s w a s t e s a t t h e 

r e f i n e r y . T a b l e G-3 p r o v i d e s a summary of t h e emergency 

p r o c e d u r e s t h a t w i l l be f o l l o w e d i f an e m e r g e n c y o c c u r s a t 

the hazardous waste l a n d t r e a t m e n t a r e a . 

The Emergency C o o r d i n a t o r i s r e s p o n s i b l e f o r i m p l e m e n t i n g o r 

d i r e c t i n g t h e i m p l e m e n t a t i o n o f t h e r e m a i n d e r o f t h e 

p r o c e d u r e s s p e c i f i e d i n t h e E m e r g e n c y P r o c e d u r e s M a n u a l 

( A t t a c h m e n t G - 1 ) . In g e n e r a l , h i s d u t i e s would i n c l u d e t h e 

f o l l o w i n g : 

1) I d e n t i f y t h e s o u r c e and c h a r a c t e r of t h e i n c i d e n t 

and the t y p e and q u a n t i t y o f any h a z a r d o u s w a s t e 

r e l e a s e d . A s s e s s p o s s i b l e hazards t o human h e a l t h 

or t h e environment t h a t may r e s u l t d i r e c t l y f r o m 
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t h e problem or i t s c o n t r o l . I n f o r m a t i o n c o n t a i n e d 

i n S u b s e c t i o n G - l c t o t h i s C o n t i n g e n c y P l a n , 

p r o v i d e s b a c k g r o u n d d a t a t o t h e E m e r g e n c y 

C o o r d i n a t o r w h i c h w i l l a s s i s t h i m i n h i s 

assessment. 

2) D i s c o n t i n u e o p e r a t i o n s i n t h e v i c i n i t y o f the 

i n c i d e n t i f n e c e s s a r y , t o ensure t h a t f i r e s , 

e x p l o s i o n s , o r h a z a r d o u s w a s t e s p i l l s do n o t 

r e c u r or spread to o t h e r p a r t s o f t h e r e f i n e r y . 

W h i l e o p e r a t i o n s a r e dormant, monitor f o r l e a k s , 

p r e s s u r e b u i l d - u p , gas g e n e r a t i o n , or r u p t u r e s i n 

v a l v e s , p i p e s , or o t h e r equipment t h a t c o u l d have 

a secondary, adverse e f f e c t . 

3) A u t h o r i z e t h e N o r t h G a t e Guard House t o r e q u e s t 

a s s i s t a n c e from l o c a l emergency r e s p o n s e t e a m s i f 

t h e i r h e l p i s n e c e s s a r y t o c o n t r o l the i n c i d e n t . 

T a b l e G-1 p r o v i d e s t e l e p h o n e n u m b e r s f o r 

emergency a s s i s t a n c e . 

4) D i r e c t p l a n t p e r s o n n e l t o c o n t r o l t h e i n c i d e n t 

u n t i l o u t s i d e h e l p a r r i v e s . S p e c i f i c a l l y : 
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• I f r e q u i r e d , a u t h o r i z e a l l employees not 

r e s p o n d i n g t o t h e i n c i d e n t t o l e a v e t h e 

a r e a . S h u t o f f p o s s i b l e i g n i t i o n s o u r c e s , 

i f a p p r o p r i a t e . S e c u r i t y p e r s o n n e l a r e 

r e s p o n s i b l e f o r d i r e c t i n g p l a n t p e r s o n n e l 

such t h a t they a v o i d t h e a r e a o f i n c i d e n t 

a n d l e a v e e m e r g e n c y c o n t r o l p r o c e d u r e s and 

response r o u t e s u n o b s t r u c t e d . 

o I f a f i r e o r e x p l o s i o n o c c u r s , d i r e c t any 

f i r e - f i g h t i n g a c t i v i t i e s . I f a h a z a r d o u s 

w a s t e r e l e a s e o c c u r s , c o o r d i n a t e w a s t e 

containment and cl e a n u p . 

® Have p r o t e c t e d p e r s o n n e l on s t a n d b y f o r 

r e s c u e , i f a p p r o p r i a t e . 

An i n c i d e n t e n d a n g e r i n g human h e a l t h a t t h e l a n d 

t r e a t m e n t area i s e x t r e m e l y u n l i k e l y , s i n c e no 

r e a c t i v e o r i n c o m p a t i b l e wastes a r e t r e a t e d . I f 

an i n c i d e n t t h r e a t e n i n g human h e a l t h o r t h e 

e n v i r o n m e n t o u t s i d e o f t h e l a n d t r e a t m e n t a r e a 

s h o u l d o c c u r , t h e E m e r g e n c y C o o r d i n a t o r w i l l 

i m m e d i a t e l y : 
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D e t e r m i n e w h e t h e r e v a c u a t i o n of an o u t s i d e 

a r e a i s n e c e s s a r y . I f s o , t h e E m e r g e n c y 

C o o r d i n a t o r w i l l t h e n n o t i f y e i t h e r t h e 

USEPA o r t h e N a t i o n a l R e s p o n s e C e n t e r 

( 8 0 0 - 4 2 4 - 8 8 0 2 ) of t h e emergency and p r o v i d e 

the f o l l o w i n g i n f o r m a t i o n : 

name and t e l e p h o n e number o f r e p o r t e r 

name and address of f a c i l i t y 

t ime and type of i n c i d e n t 

name and q u a n t i t y of m a t e r i a l s i n v o l v e d , 

i f known 

e x t e n t of i n j u r i e s 

p o s s i b l e h a z a r d s t o human h e a l t h o r the 

environment o u t s i d e t h e f a c i l i t y 

The E n v i r o n m e n t a l C o o r d i n a t o r w i l l a l s o 

n o t i f y t h e I l l i n o i s ESDA t o i n f o r m t h e m o f 

the s i t u a t i o n 
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( 2 1 7 / 7 8 2 - 7 8 6 0 ). I n f o r m a t i o n i d e n t i c a l t o 

t h a t above w i l l be p r o v i d e d . 

6) I f h a z a r d o u s w a s t e has been r e l e a s e d or produced 

through c o n t r o l of t h e i n c i d e n t , ensure t h a t : 

e Waste i s c o l l e c t e d and c o n t a i n e d . 

® C o n t a i n e r s of waste are removed o r i s o l a t e d 

from the immediate s i t e of t h e emergency. 

o Treatment or s t o r a g e of t h e r e c o v e r e d w a s t e 

c o n t a m i n a t e d s o i l or s u r f a c e water, or any 

o t h e r m a t e r i a l t h a t r e s u l t s f r o m t h e 

i n c i d e n t o r i t s c o n t r o l , i s p r o v i d e d . 

© A f t e r t h e e m e r g e n c y , e n s u r e t h a t a l l 

e m e r g e n c y equipment i s c l e a n , r e c h a r g e d and 

o p e r a t i o n a l . 

© N o t i f y t h e USEPA R e g i o n a l A d m i n i s t r a t o r and 

t h e 
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I l l i n o i s ESDA t h a t c l e a n - u p p r o c e d u r e s h a v e 

b e e n c o m p l e t e d a n d t h a t a l l e m e r g e n c y 

e q u i p m e n t i s f i t f o r i t s i n t e n d e d u s e 

b e f o r e r e s u m i n g o p e r a t i o n i n t h e a f f e c t e d 

a r e a of t h e f a c i l i t y . The USEPA R e g i o n a l 

A d m i n i s t r a t o r a n d t h e I l l i n o i s ESDA 

t e l e p h o n e numbers a r e i n c l u d e d i n t h e 

emergency c a l l l i s t i n Table G-1. 

Record i n t h e o p e r a t i n g r e c o r d t h e t i m e , * 

d a t e , a n d d e t a i l s o f t h e i n c i d e n t , a n d 

submit a w r i t t e n r e p o r t t o t h e USEPA R e g i o n 

V A d m i n i s t r a t o r , and a copy t o t h e I l l i n o i s 

EPA. T h i s r e p o r t w i l l be s u b m i t t e d w i t h i n 

15 d a y s o f t h e i n c i d e n t . An o u t l i n e of the 

emergency event r e p o r t i s shown as F i g u r e 

G-2. 

G-5 Emergency Equipment 

A l l f a c i l i t i e s a t t h e C h i c a g o R e f i n e r y a r e equipped w i t h 

s a f e t y and emergency equipment t o m i n i m i z e the p o t e n t i a l f o r 

e m e r g e n c i e s s p e c i f i c t o e a c h a r e a or p r o c e s s . P a r t i c u l a r 

c a r e has been taken t o p r o v i d e s u f f i c i e n t space t o a l l o w t h e 
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u n o b s t r u c t e d m o v e m e n t o f p e r s o n n e l , f i r e p r o t e c t i o n 

equipment, s p i l l c o n t r o l e q u i p m e n t , and d e c o n t a m i n a t i o n 

equipment t o any a r e a i n an emergency. 

A s e c u r i t y s y s t e m a d e q u a t e t o e n s u r e t h e i n t e g r i t y o f 

emergency p r e p a r a t i o n s i s i n p l a c e a t t h e r e f i n e r y . 

S p e c i f i c c o m m u n i c a t i o n s , f i r e e q u i p m e n t , h a z a r d o u s s p i l l 

e q u i p m e n t , and s a f e t y s ystems t h a t may p o s s i b l y be used i n 

an emergency a t the hazardous waste l a n d t r e a t m e n t a r e a a r e 

summarized below: 

• Communications 

- I n - p l a n t t e l e p h o n e system, which 

co n n e c t s d i r e c t l y w i t h the I l l i n o i s 

B e l l Telephone Company system 

- Hand-held two-way r a d i o 

communication 

- P u b l i c address system 

• F i r e F i g h t i n g C a p a b i l i t i e s ( F i g u r e G-3 

and Attachment G-1) 

- Ten or t w e l v e i n c h main f i r e 

G-23 



h y d r a n t s a t nominal 150 pounds 

p r e s s u r e l o c a t e d t h r o u g h o u t 

the r e f i n e r y 

- P o r t a b l e d r y c h e m i c a l f i r e 

e x t i n g u i s h e r s l o c a t e d t hroughout the 

r e f i n e r y and i n m o b i l e v e h i c l e s 

- F i r e a pparatus 

• S p i l l C o n t r o l Equipment 

- Two vacuum t r u c k s a s s i g n e d by t r u c k 

d i s p a t c h e r 

- Sorbent m a t e r i a l s 

A complete l i s t i n g o f a v a i l a b l e o n - s i t e e m e r g e n c y e q u i p m e n t 

i s i n c l u d e d i n A t t a c h m e n t G-1 and i s summarized on F i g u r e 

G-3. 

G-5a Testing and Maintenance of 

Emergency Equipment 

A l l c o m m u n i c a t i o n s , e m e r g e n c y , and s a f e t y e q u i p m e n t i s 

i n s p e c t e d a n d t e s t e d r e g u l a r l y t o a s s u r e i t s p r o p e r 

o p e r a t i o n i n the event of an emergency. 
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G-5b Available Support Emergency Equipment 

Sources of a d d i t i o n a l e m e r g e n c y e q u i p m e n t ( n o t owned n o r 

o p e r a t e d by Union O i l ) i s shown i n T a b l e G-4. The Emergency 

C o o r d i n a t o r h a s t h e a u t h o r i t y t o u t i l i z e a n y o f t h e 

c o m p a n i e s o r s e r v i c e s shown i n T a b l e G-4 i n r e s p o n d i n g t o an 

emergency. T h i s l i s t i s m a i n t a i n e d as p a r t of t h e E m e r g e n c y 

P r o c e d u r e s Manual. 

G-6 Coordination Agreements 

The C h i c a g o R e f i n e r y h a s made every e f f o r t t o m i n i m i z e the 

p o s s i b i l i t y of a h a z a r d o u s w a s t e e m e r g e n c y , a n d when t h e 

f i n a l P a r t B s u b m i t t a l i s made i n J u l y , 1984, w i l l make 

advance arrangements w i t h o u t s i d e e m e r g e n c y r e s p o n s e teams 

i f o u t s i d e emergency response i s ever r e q u i r e d . The d e t a i l s 

o f t h e proposed approach f o l l o w . 

The C h i c a g o R e f i n e r y w i l l a r r a n g e t o f a m i l i a r i z e l o c a l 

a u t h o r i t i e s and emergency response teams w i t h : t h e l a y o u t 

o f t h e f a c i l i t y ; p r o p e r t i e s o f m a t e r i a l s h a n d l e d a n d 

p o t e n t i a l problems; t h e a v a i l a b i l i t y o f , a n d a c c e s s t o , 

e m e r g e n c y equipment; and, emergency p r o c e d u r e s . In a d d i t i o n 

t o t h e s e arrangements, a copy o f t h i s C o n t i n g e n c y P l a n (when 

c o m p l e t e d ) w i l l be su b m i t t e d t o each of t h e s e o r g a n i z a t i o n s . 
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A l i s t o f t e l e p h o n e numbers and emergency p r o c e d u r e s f o r 

d e a l i n g w i t h these o r g a n i z a t i o n s i s p r o v i d e d f o r use by t h e 

E m e r g e n c y C o o r d i n a t o r ( T a b l e G-1 and A t t a c h m e n t G - 1 ) . 

O r g a n i z a t i o n s w i t h w h i c h t h e C h i c a g o R e f i n e r y h a s 

c o o r d i n a t e d emergency arrangements a l r e a d y i n c l u d e : 

1. R o m e o v i l l e F i r e Department 

2. Lemont F i r e Department 

3. Northwest Homer F i r e Department 

4. L o c k p o r t F i r e Department 

5. Des P l a i n e s V a l l e y M utual A i d 

O r g a n i z a t i o n 

6. Peoples Gas L i g h t & Coke 

7. M o b i l O i l R e f i n e r y 

8. Noreast I l l i n o i s A s s o c i a t i o n of 

I n d u s t r i a l Mutual A i d 

A copy of t h i s C o n t i n g e n c y P l a n , has been f o r w a r d e d t o e a ch *** 

o f t h e a b o v e o r g a n i z a t i o n s . A c o p y o f t h e t r a n s m i t t a l *** 

l e t t e r i s shown as F i g u r e G-4. C o p i e s of t h e s i g n e d , r e t u r n 

c e r t i f i e d m a i l r e c e i p t s are a t t a c h e d as p a r t of F i g u r e G-4. *** 
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G-7 Evacuation Plan 

A l l e m e r g e n c i e s r e q u i r e p r o m p t and d e l i b e r a t e a c t i o n . In 

t h e event of any major e m e r g e n c y , i t w i l l be n e c e s s a r y t o 

f o l l o w an e s t a b l i s h e d s e t of p r o c e d u r e s . Such e s t a b l i s h e d 

p r o c e d u r e s have been d e v e l o p e d f o r e v a c u a t i o n o f t h e m a i n 

r e f i n e r y f a c i l i t i e s . H o w e v e r , s i n c e t h e l a n d t r e a t m e n t 

system i s r e m o t e l y l o c a t e d w i t h r e s p e c t t o the m a i n r e f i n e r y 

a n d s i n c e t h e l a n d t r e a t m e n t system has r e s t r i c t e d a c c e s s , 

t h e m a i n r e f i n e r y e v a c u a t i o n p l a n i s n o t a p p l i c a b l e . 

F u r t h e r , s i n c e no C h i c a g o R e f i n e r y employee has any f u l l 

t i m e assignment e i t h e r at t h e l a n d t r e a t m e n t a r e a , o r a t t h e 

a d j a c e n t Tank F a r m , no f o r m a l e v a c u a t i o n p l a n i s n e c e s s a r y . 

S h o u l d an emergency o c c u r a t t h e l a n d t r e a t m e n t a r e a w h i l e 

t h e l a n d t r e a t m e n t p l o t s a r e b e i n g worked, the employees 

have two-way r a d i o communication f o r a s s i s t a n c e , a n d a f t e r 

r e p o r t i n g t h e emergency, w i l l d r i v e t o the gate a t the Tank 

F a r m a r e a t o a w a i t e i t h e r a s s i s t a n c e o r t h e E m e r g e n c y 

C o o r d i n a t o r . 

No b u i l d i n g s o r s t r u c t u r e s a r e a s s o c i a t e d w i t h , n o r a r e 

l o c a t e d w i t h i n , t h e b o u n d a r i e s of t h e l a n d t r e a t m e n t a r e a . 

S i n c e no i n c o m p a t i b l e or r e a c t i v e w a s t e s a r e l a n d t r e a t e d , 

t h e p o s s i b i l i t y o f an e m e r g e n c y o c c u r r i n g t h a t r e q u i r e s 

e v a c u a t i o n i s s l i g h t . Should such an emergency o c c u r d u r i n g 
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h a z a r d o u s w a s t e h a u l i n g o r a p p l i c a t i o n a c t i v i t i e s , t h e 

p e r s o n n e l p r e s e n t w i l l c o n t a c t the N o r t h Gate Guard House 

a n d n o t i f y h i m of t h e s i t u a t i o n . T h i s c a n be d one by 

d i a l i n g t h e r e f i n e r y emergency t e l e p h o n e number (222) from 

t h e n e a r e s t t e l e p h o n e ( l o c a t e d i n the Tank Farm a d j a c e n t t o 

t h e l a n d t r e a t m e n t a r e a ) o r by u s i n g t h e two-way r a d i o s 

s u p p l i e d i n the v e h i c l e . The N o r t h G a t e G u a r d w i l l t h e n 

i n i t i a t e t h e p r o c e d u r e s p r e v i o u s l y d e s c r i b e d and shown i n 

A t t a c h m e n t G-1. R e s p o n s e s a p p r o p r i a t e t o t h e s p e c i f i c 

emergency w i l l be i n i t i a t e d by t h e Emergency C o o r d i n a t o r . 

G-8 Amendments to the C o n t i n g e n c y P l a n 

The S u p e r v i s o r o f E n v i r o n m e n t a l S e r v i c e s i s r e s p o n s i b l e f o r 

e n s u r i n g t h a t c o p i e s o f t h i s P l a n a r e d e p o s i t e d w i t h a l l 

l o c a l a u t h o r i t i e s a n d e m e r g e n c y r e s p o n s e teams d e s c r i b e d 

h e r e i n , and t h a t a l l c o p i e s a r e amended i n r e s p o n s e t o 

r e v i s i o n o f t h e r e g u l a t i o n s , t h e f a i l u r e o f e m e r g e n c y 

p r o c e d u r e s , c h a n g e s i n e m e r g e n c y e q u i p m e n t , o r o t h e r 

f a c i l i t y c h a n g e s t h a t a f f e c t the p o t e n t i a l f o r , or response 

t o , a hazardous waste emergency. 

C o p i e s o f t h i s C o n t i n g e n c y P l a n , which i n c l u d e s t h e Chicago 

R e f i n e r y ' s Emergency P r o c e d u r e s M a n u a l , a r e m a i n t a i n e d a t 

t h e f o l l o w i n g l o c a t i o n s : 
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• Each A r e a S h i f t S u p e r v i s o r ' s O f f i c e 

• F i r e Department Command Center 

• S u p e r v i s o r of E n v i r o n m e n t a l S e r v i c e s O f f i c e 

The S u p e r v i s o r of E n v i r o n m e n t a l S e r v i c e s w i l l m a i n t a i n a l o g 

o f w h e r e a l l c o p i e s a r e and w i l l a l s o m a i n t a i n a l o g which 

s h o w s t h a t a m e n d m e n t s h a v e b e e n f o r w a r d e d t o e a c h 

o r g a n i z a t i o n . T a b l e s G-5 a n d G-6 w i l l be used as t h e s e 

l o g s . 

G-9 Required Reports 

As r e q u i r e d by 264.56 ( J ) , any emergency event t h a t r e q u i r e s 

i m p l e m e n t i n g t h e c o n t i n g e n c y p l a n w i l l be r e p o r t e d i n 

w r i t i n g w i t h i n 15 days t o the EPA R e g i o n a l A d m i n i s t r a t o r . A 

r e p o r t i n g f o r m a t f o r e m e r g e n c y events i n v o l v i n g hazardous 

waste i s shown i n F i g u r e G-2. Copies of t h e s e r e p o r t s w i l l 

be k e p t on f i l e a t t h e Chicago R e f i n e r y by t h e S u p e r v i s o r of 

E n v i r o n m e n t a l S e r v i c e s . 

G-10 SPCC P l a n 

A copy of the C h i c a g o R e f i n e r y S p i l l P r e v e n t i o n C o n t r o l a n d 

C o u n t e r m e a s u r e ( S P C C ) P l a n i s p r o v i d e d as Attachment G-2. 
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*** Revised 12/1/85 

A p p r o p r i a t e s p i l l r e s p o n s e p r o c e d u r e s f o r h a z a r d o u s w a s t e 

s p i l l s have been i n c o r p o r a t e d i n b o t h t h i s document and t h e 

SPCC P l a n . 

G-11 Emergency Response D u r i n g Land Treatment *** 

System O p e r a t i o n *** 

S h o u l d e m e r g e n c i e s a r i s e d u r i n g t h e o p e r a t i o n o f t h e l a n d *** 

t r e a t m e n t s y s t e m ( i . e . , w h i l e s u b s u r f a c e i n j e c t i o n i s *** 

und e r w a y , o r w h i l e n o n h a z a r d o u s w a s t e a p p l i c a t i o n o r p l o t *** 

d i s c i n g a c t i v i t i e s a r e u n d e r w a y ) , t h e emergency r e s p o n s e 

p r o c e d u r e s d e s c r i b e d i n t h i s S e c t i o n G w i l l be i m p l e m e n t e d . 

As a g u i d e f o r how such r e s p o n s e measures w o u l d p r o c e e d , 

s e v e r a l s c e n a r i o s have been i d e n t i f i e d , a nd a p p r o p r i a t e **# 

resp o n s e s developed. These s c e n a r i o s f o l l o w : *** 

A. I f t h e emergency o c c u r s as h a z a r d o u s w a s t e s *** 

a r e b e i n g s u b s u r f a c e i n j e c t e d , t h e l a n d farm *** 

p e r s o n n e l w i l l i m m e d i a t e l y c e a s e o p e r a t i o n o f *** 

a l l e q u i p m e n t and i n s u r e t h a t t h e equipment, *** 

and any h a z a r d o u s w a s t e s s t i l l c o n t a i n e d i n *** 

t h e e q u i p m e n t , a r e s e c u r e a n d t h a t a l l *** 

v a l v e s , pumps, and o t h e r d e v i c e s a r e c l o s e d *** 

and i n a l o c k e d p o s i t i o n so t h a t l e a k s cannot *** 

o c c u r . *** 
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I f t h e e m e r g e n c y i n v o l v e s a d a n g e r t o t h e 

equipment and c o n t e n t s , as w i t h a f i r e on t h e 

a c t i v e l a n d t r e a t m e n t p l o t , t h e l a n d f a r m 

p e r s o n n e l w i l l f i r s t move t h e e q u i p m e n t t o a 

r e m o t e l o c a t i o n away f r o m t h e d a n g e r b e f o r e 

s e c u r i n g t h e e q u i p m e n t . The p e r s o n n e l w i l l 

t h e n r e p o r t t h e emergency and e i t h e r i n i t i a l 

a r e s p o n s e , or w a i t f o r a s s i s t a n c e t o a r r i v e . 

As s o o n as p r a c t i c a l , t h e c o n t e n t s of t h e 

i n j e c t i o n e q u i p m e n t w i l l be p l a c e d i n a 

vacuum t r u c k and removed to a s e c u r e l o c a t i o n 

on t h e l a n d t r e a t m e n t s i t e u n t i l t h e 

emergency, and a l l subsequent response and/or 

c l e a n - u p a c t i v i t i e s , have been c o m p l e t e d . I f 

a f t e r t h e e m e r g e n c y i s o v e r , a n d t h e 

O p e r a t i o n s E n g i n e e r d e t e r m i n e s t h a t t h e l a n d 

t r e a t m e n t o p e r a t i o n s can be i n i t i a t e d w i t h i n 

60 days, the vacuum t r u c k , w i t h i t s c o n t e n t s , 

may r e m a i n a t t h e l a n d t r e a t m e n t s i t e . 

A l t e r n a t i v e l y , t h e c o n t e n t s may be d i s p o s e d 

of a t an a p p r o v e d o f f - s i t e f a c i l i t y . I f the 
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t r u c k remains o n - s i t e , d a i l y i n s p e c t i o n s w i l l 

be made t o i n s u r e a l l v a l v e s and pumps a r e i n 

a l o c k e d p o s i t i o n . N o r m a l o p e r a t i o n s w i l l 

i m m e d i a t e l y r esume and t h e c o n t e n t s o f t h e 

vacuum t r u c k a p p l i e d t o t h e s o i l i m m e d i a t e l y 

a f t e r a l l r e p a i r a n d / o r m a i n t e n a n c e work has 

been completed. 

D. I f t h e O p e r a t i o n s E n g i n e e r d e t e r m i n e s , o r 

b e l i e v e s , t h a t t h e l a n d t r e a t m e n t o p e r a t i o n 

c a n n o t be resumed w i t h i n 60 d a y s , t h e wastes 

i n t h e vacuum t r u c k w i l l be m a n i f e s t e d and 

t r a n s p o r t e d o f f - s i t e t o an approved hazardous 

waste d i s p o s a l o p e r a t i o n . 

E. I f a h a z a r d o u s w a s t e s p i l l a t t h e l a n d 

t r e a t m e n t a r e a o c c u r s w h i l e a l a n d t r e a t m e n t 

p l o t i s b e i n g a c t i v e l y w o r k e d , a l l 

a p p l i c a t i o n and/or d i s c i n g o p e r a t i o n s w i l l 

i m m e d i a t e l y c e a s e and l a n d f a r m p e r s o n n e l 

w i l l respond i m m e d i a t e l y t o c o n t a i n t h e s p i l l 

u s i n g t h e r e s p o n s e p r o c e d u r e s d i s c u s s e d i n 
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t h i s S e c t i o n G. The E m e r g e n c y C o o r d i n a t o r 

w i l l , a f t e r i n s p e c t i o n o f t h e s p i l l a r e a and 

a s s e s s m e n t o f t h e c a u s e and c l e a n - u p a c t i o n 

r e q u i r e d , d e t e r m i n e i f l a n d t r e a t m e n t o f 

t h e h a z a r d o u s w a s t e s c a n be c o n t i n u e d . I f 

n o t , t h e n s u c h h a z a r d o u s w a s t e s w i l l be 

m a n i f e s t e d a n d t r a n s p o r t e d t o an a p p r o v e d 

o f f - s i t e hazardous waste treatment o p e r a t i o n . 
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TABLE G-1 

EMERGENCY CALL LIST 

Name Telephone No. 

R o m e o v i l l e F i r e Department (815) 886- 2171 

Lemont F i r e Department ( 312 ) 257- 2221 

Northwest Homer F i r e Department (815 ) 838- 2151 

L o c k p o r t F i r e Department ( 815 ) 838- 2121 

R o m e o v i l l e P o l i c e Department (815 ) 886- 2141 

W i l l County S h e r i f f (815 ) 727- 6191 

S i l v e r C r o s s H o s p i t a l (815) 740- 1100 

Des P l a i n e s V a l l e y Mutual A i d 
Organi z a t i o n 

* 

P e o p l e s Gas L i g h t & Coke (815) 423- 6143 

M o b i l O i l R e f i n e r y (815 ) 423-•5571 

Noreast I l l i n o i s A s s o c i a t i o n of 
I n d u s t r i a l Mutual A i d 

* 

USEPA R e g i o n a l A u t h o r i t y (312 ) 886-•6148 

I l l i n o i s ESDA (217) 782-•7860 

* S p e c i f i c w r i t t e n procedures a re t o be f o l l o w e d 
when c o n t a c t i n g t h e s e o r g a n i z a t i o n s . 
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TABLE G-2 

ENVIRONMENTAL COORDINATORS FOR EMERGENCY 
RESPONSE AT LAND TREATMENT AREA 

PRIMARY EMERGENCY COORDINATOR: 

Name: 

O f f i c e Telephone: 

Home Address: 

Home Telephone: 

D. W. B r u c k e r t 

E x t . 422 

526 C a - C r e s t D r i v e 

J o l i e t , IL 60435 

(815) 729-2123 

SECONDARY EMERGENCY COORDINATOR: 

Name: 

O f f i c e Telephone: 

Home Address: 

Home Telephone: 

L. D. E r c h u l l 

E x t . 324 

1245 C l y d e D r i v e 

N a p e r v i l l e , IL 60540 

(312) 357-7318 

Name: W. A. Withrow 

O f f i c e Telephone: E x t . 308 

Home Address: 502 N. C a t h e r i n e 

LaGrange Park, I L 60525 

Home Telephone: (312) 354-5816 

Note: D u r i n g n o r m a l w o r k i n g h o u r s , 7:30 a.m. t o 4:00 p.m., 

a l l Emergency C o o r d i n a t o r s a r e p h y s i c a l l y l o c a t e d a t 

t h e C h i c a g o R e f i n e r y , 1 3 5 t h S t r e e t and New Avenue, 

Lemont, I L , and may be reached i n t e r n a l l y by d i a l i n g 

t h e a b o v e e x t e n s i o n number. The g e n e r a l t e l e p h o n e 

number f o r t h e Chica g o R e f i n e r y i s (312) 257-7761. 



TABLE G-3 

SUMMARY OF EMERGENCY PROCEDURES 

Action Responsible Individual Contact 

1. In the event of an emergency, 
activate alarm 

2. Notify Emergency Coordinator 
(Area S h i f t Supervisor) 

3. Apply F i r s t Aid 

4. Notify Environmental Services 

5. Identify and characterize 
incident 

6. Discontinue operations i n 
v i c i n i t y of incident 

7. Notify l o c a l emergency response 
teams 

8. Direct i n t e r n a l emergency control 
procedures 

9. Notify f a c i l i t y management 
personnel 

10. I f health or environment outside 
of plant i s affected: 

• Notify Supervisor of 
Environmental Services 

• Notify National Response 
Center 

F a c i l i t y Personnel 

North Gate Guard 

Emergency Coordinator 

Emergency Coordinator 

Emergency Coordinator 

Emergency Coordinator 

Emergency Coordinator 

Emergency Coordinator 

Emergency Coordinator 

Emergency Coordinator 

Supervisor of 
Environmental Services 

Extension 222 

Fire/Security Radio or 
Pager 

See Emergency C a l l 
L i s t 

See Emergency C a l l 
L i s t 

Phone: (800) 424-8802 

I l l i n o i s ESDA 

11 o Direct c o l l e c t i o n , containment, 
and i s o l a t i o n of released 
hazardous waste 

12„ Prepare emergency equipment for 
reuse 

13. Notify USEPA Regional 
Administrator of process 
resumption 

14. Submit report to USEPA Regional 
Administrator within 15 days 

Supervisor of 
Environmental Services 

Emergency Coordinator 

Emergency Coordinator 

Supervisor of 
Environmental Services 

Supervisor of 
Environmental Services 

Phone: (217) 782-7860 

Region V 
230 S. Dearborn St. 
Chicago, IL 60604 
(312) 886-6148 
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TAui_t£ G-4 
SOURCES OF EMERGENCY EQUIPMENT 

NOT OWNED BY UNION O IL 

Equipment or Supplies 

Boats, Tows, and 
Barges 

Boom 

Description of Equipment and 
Name of Company or Individual 

Hannah Inland Waterways 
Lemont, I l l i n o i s 
2 Light O i l Barges 
5 Black O i l Barges 
1000 H.P. Tug Boat 
1800 H.P. Tug Boat 
Small Aluminum Boat 

Lemont Ship 
2000 H.P. Tow Boat 
Steel Work Floats (20' x 30*) 

Material Service Corp. 
Marine Department 

Ohio Barge Lines 
3200 H.P. Line Boat 

I l l i n o i s Chemical Corp. 
Highland Park, I l l i n o i s 

Petrochem Services 
Lemont, I l l i n o i s 

Telephone No. 
Name of Contact Day After Hours 

Dispatch (312)257-5456 (312)257-5456 

Mr. Blackburn 

Charles Chapin 
Ken Allen 
Jack Thomas 
Guidd Schumann 

Mr. Panzera 

(815)739-5000 (815)739-5000 

(815)838-3420 

Don Pavlich 

(312)358-2679 
(815)725-7346 
(815)838-5508 
(815)838-3861 

(815)726-6300 (815)726-6300 

William B. Katz (312)433-1145 (312)433-1145 

(312)257-5875 (312)257-5875 

Weil Service Products 
Chicago, I l l i n o i s 

(312)528-6800 



TABLE G-4 ( c o n t i n u e d ) 

Equipment or Supplies 

Chemical Cleaning 

Containing and 
Cleaning 

Description of Equipment and 
Name of Company or Individual 

C. H. Heist 
J o l i e t , I l l i n o i s 
Hi-Pressure Waterwash 

Central Industrial Cleaners 
Chicago, I l l i n o i s 
Hi-Pressure waterwash 

National Plant Services 
Chicago, I l l i n o i s 
Hi-Pressure Waterwash 

Service Master 
Industrial Cleaning 
General Chemical Clean-Up 
Hi-Pressure Waterwash 

Viking Associates 
Lockport, I l l i n o i s 
Hi-Pressure Waterwash 

Marine Pollution Control Corp. 
Detroit, Michigan 

OH Materials, Inc. 
Findlay, Ohio 

Telephone No, 

Name of Contact 

Roger WIgal 

B i l l Ackerman 

Doug Rlchter 

David Usher 

Day After Hours 

(815)727-7327 

(312)538-6337 (312)924-3838 

(312)731-0600 

(312)656-6020 (312)656-6020 

(815)723-9396 (219)931-8044 

(313)849-2333 

(419)423-3526 (419)423-3526 

Weil Service Products 
Chicago, I l l i n o i s 

(312)528-6800 



TABLE G-4 ( c o n t i n u e d ) 

Equipment or Supplies 

Diving Contractor 

Hand Tools - Rakes, 
Shovels, Axes, Pitch
forks 

Hay - Straw 

Heavy Equipment 

Description of Equipment and 
Name of Company or Individual 

John Peterson Diving Services 
Morton Grove, I l l i n o i s 
Divers 

Lindahl Marine Contractors,Inc. 

Divers 

Ace Hardware Co. 
Lockport, I l l i n o i s 

Barrett Hardware Co. 
J o l i e t , I l l i n o i s 

J o l i e t Grain Co. 
J o l i e t , I l l i n o i s 
60 Bales and Emergency Contacts 

Brown and Lambrecht 
J o l i e t , I l l i n o i s 

Bulldozers 
Rippers 
Scrapers 
Rollers 
H i - L i f t s 
Graders 
Cranes 
Sweeper 
D r i l l 
Compressor 
Pumps 
Chain Saws 
Brush Clippers 
Back Hoes 

Telephone No. 

Name of Contact 

John Geschrey 

Day After Hours 

B i l l M i l l e r 

Ernie Paul 

Charles Malone 

Jim Carnatch 
Jim Retenour 

(312)774-7876 (312)966-1915 

(312)593-5982 (219)949-6406 

(815)838-0458 (815)726-5117 

(815)726-4341 (815)723-9041 

(815)725-5790 (815)838-0520 

(815)727-9211 
(815)462-5352 



TABLE G- 4 .(continued) 

Description of Equipment and Telephone Nol . 
Equipment or Supplies Name of Company or Individual Name of Contact Day After Hours 

Heavy Equipment (Cont.) Diamond Construction Co. Larry Kubinski (815)723-9321 (815)436-7167 
Bulldozers 
Scrapers 
Graders 
Cranes 
Compressor , 
Back Hoe 

Len Cox, J r . 
Excavating and Trucking 
Lockport, I l l i n o i s 
Loader 
Back Hoe 

Len Cox, Jr. (815)838-5741 (815)838-5741 

Helicopters and 
Airplanes 

P. T. Ferro Construction Co. 
Semi's/Tractors T 
Dump Trucks 
Pumps 
Compressors 
Back Hoes/End Loaders 
H i - L i f t s 
Trenching Machines 
Cranes 

Foster Helicopters 

Lewis College 
R. D. Aviation 
Lockport, I l l i n o i s 
Observation Airplanes Only 

OH Materials, Inc. 
Findlay, Ohio 

Cessna, Seneca, Helicopters, 
Jet Service 

Peter Ferro 
Tony Ferro 
Jack Posture 
Peter Ferro, Jr. 

(815)726-6284 

Tom Foster (314)421-5440 

Andy Zaglaniczny (815)838-7909 

(815)723-7665 
(815)723-5812 
(815)725-1975 
(815)423-6163 

(314)231-5828 

(312)583-4192 

(419)423-3526 (419)423-3526 



TABLE G-4 ( c o n t i n u e d ) 

Equipment or Supplies 

Laborers and 

Supervision 

Lumber and Building 

Materials 

Skimmers 

Sorbent Materials 

Tank Trucks 

Description of Equipment and 
Name of Company or Individual 

Brown and Lambrecht 
Earthmovers, Inc. 
J o l i e t , I l l i n o i s 
200 Men 

Drake Lumber and Hardware 
Lockport, I l l i n o i s 
Lumber and Delivery 

Wickes Lumber 
P l a i n f i e l d , I l l i n o i s 

I l l i n o i s Chemical Corp. 
Highland Park, I l l i n o i s 
Skimming Pumps 

O i l Mop, Inc. 
Belle Chasse, Louisiana 

Petrochem Services 
Lemont, I l l i n o i s 

I l l i n o i s Chemical Corp. 
Highland Park, I l l i n o i s 
3M Products 
J&L Pom Poms 

Lockport Trucking Co. 
Lockport, I l l i n o i s 
2 - 5000 Gal. Tankers 
2 - 3000 Gal. Sludge Boxes 

Telephone No. 

Name of Contact Day After Hours 

Jim Ritenour (815)727-9211 (815)462-5352 

B i l l Drake 
B i l l ZieSemer 
Charles Henry 

(815)838-5000 

George Wick (815)436-5631 
P l a i n f i e l d Police 
Department 

William B. Katz (312)433-1145 

Don Pavlich 

Jack Carlstrom 

(815)838-0901 
(815)838-1895 
(815)838-1934 

(815)436-2934 

(312)433-1145 

(504)394-6110 (504)394-6110 

(312)257-5875 (312)257-5875 

William B. Katz (312)433-1145 (312)433-1145 

(815)723-3965 (815)725-8255 
(815)838-1130 



TABLE ,G-4 ( c o n t i n u e d ) 

Equipment or Supplies 

Tank Trucks Cont. 

Trucks and Trai l e r s 

Trucks and Vans, 
Freight 

Description of Equipment and 
Name of Company or Individual 

Ruan 

20 Tankers Trucks 7000 Gal, 
with Pumps 

Transport Service Co. 
Hinsdale, I l l i n o i s 

Brown and Lambrecht 
Earthmovers, Inc. 
J o l i e t , I l l i n o i s 
(6 Wheel Trucks, 
(20 Semi-Dump Trucks, 
(Bottom Dump Trucks 
Low-Boy Trailers 
Water Wagon (Semi) 

Diamond Construction Co. 
Crest H i l l , I l l i n o i s 

Len Gox, Jr. 
Excavating and Trucking 
Lockport, I l l i n o i s 
Semi-Dump Truck 
Six-Wheel Dump Truck 

Waxweiler Trucking 
Lockport, I l l i n o i s 
2 Semi-Dump Trucks 
2 Six-Wheel Dump Trucks 

Yellow Freight System, Inc. 
J o l i e t , I l l i n o i s 
Vans and Open Top Trucks 

Telephone No. 

Name of Contact 

Craig Johnson 
E. Scott 

Dan Kemp 

Jim Ritenour 

Larry Kubinski 

Len Cox, J r . -

Bob Provincal 
Dick Wright 

Da} After Hours 

(312)257-2231 (312)554-3952 
(815)436-2562 

(312)563-4100 

(815)727-9211 (815)462-5352 

(815)723-9321 (815)436-7167 

(815)838-5741 (815)838-5741 

(815)838-9662 (815)838-9662 

(815)729-4481 (815)727-6248 



TABLE G-4 ( c o n t i n u e d ) 

Equipment or Supplies 

Vacuum Equipment 

Description of Equipment and 
Name of Company or Individual 

Carl's Septic Tank Cleaners 
Lemont, I l l i n o i s 
2 Vacuum Trucks 

General Drainage, Inc. 
Chicago, I l l i n o i s 
10 Vacuum Trucks 

Kimble Septic. Service 
J o l i e t , I l l i n o i s 
2 Vacuum Trucks 

Petrochem Services 
Lemont, I l l i n o i s 

Viking Associates 
Lockport, I l l i n o i s 

Telephone No. 
Name of Contact 

John Kruper 

C. L. Kimble 

Don Pavlich 

Doug Richter 

Day After Hours 

(312)739-1495 (312)739-1495 

(312)375-6051 (219)949-5794 

(815)722-7569 (815)723-0541 

(312)257-5875 (312)257-5875 

(815)723-9396 (219)931-8044 



TABLE G-5 

LOCATION OF CONTINGENCY PLAN COPIES 

Copy 
Number L o c a t i o n 

1 S u p e r v i s o r of E n v i r o n m e n t a l S e r v i c e s O f f i c e 

2 F i r e Department Command Center 

3 North P l a n t A r e a S h i f t S u p e r v i s o r Room 

4 C r a c k i n g Department Area S h i f t S u p e r v i s o r 
Room 

5 B l e n d Center Area S h i f t S u p e r v i s o r Room 

6 R o m e o v i l l e F i r e Department 

7 Lemont F i r e Department 

8 Northwest Homer F i r e Department 

9 L o c k p o r t F i r e Department 

10 R o m e o v i l l e P o l i c e Department 

11 W i l l County S h e r i f f 

12 S i l v e r Cross H o s p i t a l 

13 Des P l a i n e s V a l l e y M u tual A i d O r g a n i z a t i o n 

14 P e o p l e s Gas L i g h t and Coke 

15 M o b i l O i l R e f i n e r y 

16 N o r e a s t I l l i n o i s A s s o c i a t i o n of I n d u s t r i a l 
M utual A i d 

40 CFR 2 65.5 3 r e q u i r e s t h a t c o p i e s of t h e Con t i n g e n c y P l a n 
and a l l r e v i s i o n s t o t h e P l a n must be m a i n t a i n e d a t t h e 
f a c i l i t y a n d s u b m i t t e d t o a l l l o c a l p o l i c e departments, f i r e 
d e p a r t m e n t s , h o s p i t a l s , a n d S t a t e a n d l o c a l e m e r g e n c y 
r e s p o n s e teams t h a t may p r o v i d e emergency s e r v i c e s t o the 
f a c i l i t y . 
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TABLE G-6 

CONTINGENCY PLAN RECORD OF CHANGES 
AND AMENDMENTS 

4 0 CFR P a r t 2 65 . 5 4 r e q u i r e s t h a t t h e C p n t i n g e n c y P l a n be 
r e v i e w e d , and i m m e d i a t e l y amended, i f n e c e s s a r y , whenever: 

a) The f a c i l i t y p e r m i t i s revised'; 

b) The p l a n f a i l s i n an emergency; 

c) T h e f a c i l i t y c h a n g e s - i n i t s d e s i g n , 
c o n s t r u c t i o h , o p e r a t i o n , m a i n t e n a n c e , } , o r 
o t h e r c i r e urns t a n c . e s - i n a wa y. .; t h a t 
m a t e r i a l l y i n c r e a s e s t h e p o t e n t i a l f o r , f i r es,, 
e x p l o s i o n s , or r e l e a s e s of hazardous waste or 
hazardous, waste c o n s t i t u e n t s ,.,or c h a n g e s t h e 
response n e c e s s a r y i n an emergency. 

d) The l i s t of emergency c o o r d i n a t o r s c h a n g e s ; 
or 

e) The l i s t of emergency equipment changes. 

I n t h e e v e n t t h a t a n y o f t h e , a b o v e c o n d i t i o n s o c c u r , t h e 
S v i p e r v i s o r o f E n v i r o n m e n t a l S e r v i c e s w i l l r e v i e w t h e 
Co n t i n g e n c y P l a n and dete r m i n e i f r e v i s i o n s a r e n e c e s s a r y . 

f h e S u p e r v i s o r of E n v i r o n m e n t a l S e r v i c e s w i l l be r e s p o n s i b l e 
f o r i n s u r i n g t h a t r e v i s i o n s a r e i n c o r p o r a t e d i n t o a l l c o p i e s 
Of the P l a n , and m a i n t a i n i n g t h i s l o g . 

DATE SUBSECTION(S) CHANGED/AMENDED COPIES SENT INITIALS 
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FORMAT FOR mwmxsos m®m ssasRGENcx EVSJ^P REPORT 

From of 

facility;. Utiioft Oil Ccfl#ahy; Of cMifoar'lii«>; Chi0ii$O- 3KeflRieî " 

Facility ®mm/®p^mw ©nlon oil. cSan^my of <&lifo*ftia> ChioafO' ftefInsry 

Facility locations MSth Street and New Avenue, Leasont, Illinois,, 6043S 

Backgrca^M. .iMopt^iOfr 

The new part of the Chicago Refinery baeame operatiOnal i n 1J7® and o l f e ' 
portions of the facility date from the previous refinery which has cperatesl 
at this location since the 1S301 s. 

the present refinery has storage, capacity of about 7.5 million laar^els- (315; 
million gallons. Hydrocarbon on hand at any time i s about 4 m i l l M i i 
barrels 1168 m i l l i o n gallons). Normal average daily throughput for 1983* 
was approximately 100,000 barrels per day of crude o i l . 

The Chicago Refinery i s & fully integrated refinery v&ich prooesses crude 
o i l and other miscellaneous feedstocks into gasoline,, dies e l f u e l * turbine 
f u e l , aromaticsolvents, aliphaticsolvents, coke and sulfur * T^eRefMei?y 
is located on an 860 acre tract of land in Will County between the v i i labels 
of Lemont and Romeoville* The Refinery is bounded on the south by iSSth 
Street, on the west by the I&M and Sanitary arid Ship Canals. The Refinery 
tankage i s located on both sides of 127th Street, west of Smith Road:, 
the Refinery Plot Plan and the U.S*G.C* Topographic Map for locations Of 
the. f a O i l i t y relating to Grounding areas submitted' with the" SPCC' Plan oh 
February 2, 1983. 

The report would then continue in a narrative form providing information 
on; 

A. - Classification of wasteis) involved. 

B. Quantity of material involved* 

C. Location of s p i l l or incident*. 

D. ©ate aM time' of occurrence or discovery« 

E. Other chemicals at the- scene".-

F. potential problems'. 

G. Actions taken. 

H« ffeasufes- to miniaiiae recurrence, 

I. Copies of any pertinent information. 





*** R e v i s e d 12/1/85 

FIGURE G-4 

I223HFER OF TRANSMITTAL TQ *** 
MUTUAL AID ORGANIZATIONS 

{Date) 

P a r t B P e r m i t - S e c t i o n G 

The a t t a c h e d i n f o r m a t i o n has been s e n t t o a l l o r g a n i z a t i o n s who may 
r e s p o n s e i n any c a p a c i t y t o a major hazardous waste emergency a t Union 
O i l ' s Chicago R e f i n e r y . T h i s i n f o r m a t i o n i s b e i n g f o r w a r d e d t o y o u r 
o r g a n i z a t i o n i n r e s p o n s e t o t h e p e r m i t t i n g r e q u i r e m e n t s i n 40 CFR 
S e c t i o n 264.37 u n d e r t h e R e s o u r c e C o n s e r v a t i o n and R e c o v e r y A c t o f 
19 76. The C h i c a g o R e f i n e r y o p e r a t e s a l a n d t r e a t m e n t s y s t e m f o r 
o n - s i t e g e n e rated hazardous waste and nonhazardous waste. 

E n c l o s e d p l e a s e f i n d S e c t i o n G o f U n i o n O i l ' s P a r t B P e r m i t 
A p p l i c a t i o n . T h i s s e c t i o n p r e s e n t s i n f o r m a t i o n on e m e r g e n c y 
p r o c e d u r e s and equ i p m e n t t o be used i n case of a major hazardous waste 
a c c i d e n t a t t h e Chica g o R e f i n e r y r e q u i r i n g mutual a i d . 

O n l y a remo t e p o s s i b i l i t y , o f a ma j o r a c c i d e n t e x i s t s a t U n i o n O i l ' s 
l a n d t r e a t m e n t system?; however* t h i s i n f o r m a t i o n w i l l be u s e f u l i f an 
a c c i d e n t s h o u l d occur., 

Plea.se a c k n o w l e d g e r e c e i p t o f t h i s i n f o r m a t i o n , f o r U n i o n O i l ' s 
r e c o r d s , t o : 

Union O i l Company of C a l i f o r n i a 
Chicago R e f i n e r y 
Lemont, I l l i n o i s 60439 

A t t e n t i o n : Mr, L. D. E r c h u l l 

Thank you f o r your c o n s i d e r a t i o n i n t h i s m a t t e r -

Very t r u l y y o u r s , 

D. W. B r u c k e r t , S u p e r v i s o r 
E n v i r o n m e n t a l S e r v i c e s 



ATTACHMENT G-1 

EMERGENCY PROCEDURES MANUAL 

CHICAGO REFINERY 



EMERGENCY PROCEDURES 

UNION OIL COMPANY OF CALIFORNIA - CHICAGO REFINERY 

INTRODUCTION 

The following emergency procedures have been designed to eliminate 
confusion and to assign s p e c i f i c duties to personnel who are 
d i r e c t l y involved with the emergency. It i s designed to be both 
simple and concise. This section of the manual i s divided into 
the following sections: 

Section A. General 

Section B. Emergency Organization 

1. S h i f t F i r e Crew 

2. Day (Volunteer) F i r e Crew 

Section C. Emergency Organization Response Patterns 

1. Fires and P o t e n t i a l Fires 

2. Injuries 

Section D. Emergency Communications System 

Section E. Call-Out Procedures f o r Emergencies and Disasters 

Section F. Disaster Plan 

1. General 
2. Refinery Manager Duties 
3. Operations Command Center 
4. Mobile Command Center 
5. Industrial Relations Center 
6. Maintenance Center 
7. Status and Manpower Center 
8. Environmental Center 

9. Summary of Center Locations and Telephone Numbers 

Section G. Mutual Aid - I n d u s t r i a l and Municipal 

1. Reques ts 

a. Municipal 
b. I n d u s t r i a l 

2. Assists Section H. Environmental Emergency Procedures 



Section A 

Section A. GENERAL 

This manual i s d i s t r i b u t e d extensively throughout the 
Chicago Refinery. In order f o r this manual to be 
ef f e c t i v e , every supervisor, F i r e Department and 
Sh i f t F i r e Crew member must be f a m i l i a r with i t s 
contents and his/her p a r t i c u l a r function. Due to 
circumstances, some changes i n r e s p o n s i b i l i t y may 
be necessary at the time of the emergency. Should 
a person be unavailable, a predesignated alternate 
s h a l l be responsible for the emergency function of 
the unavailable person. 

It i s the r e s p o n s i b i l i t y of each of those l i s t e d i n 
Disaster Plan Section F to designate an alternate 
upon r e c e i p t of t h i s manual and to keep t h i s 
p o s i t i o n current. 

A l l personnel (supervisory or hourly) who are not 
d i r e c t l y involved with the emergency must stay out 
of the area. F i r e f i g h t e r s , responding apparatus 
and other necessary equipment must have access to 
the emergency area. This r u l e w i l l be s t r i c t l y 
enforced. 

No Chicago Refinery employee i s authorized to 
release emergency-related information to members 
of the press or general p u b l i c except as designated* 
by me or my designee. 

APPROVED: 

A. J. E l i s k a l n s , Refinery Manager 
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Section B 

SECTION B. EMERGENCY ORGANIZATION 

r Refinery f i r e p r o t e c t i o n f o r f i r e s and p o t e n t i a l 
f i r e s i s handled by the S h i f t F i r e Crew and/or 
the Day F i r e Crew. 

SHIFT FIRE CREW 

The purpose of the S h i f t F i r e Crew i s to provide 
f i r e p r o t e c t i o n when the Day F i r e Crew i s not 
present. The S h i f t F i r e Crew i s headed by "-the 
Petrochemical Department S h i f t Supervisor unless 
the incident involves the Petrochemical Operating 
Area. In th i s case, the Blending and Transfer S h i f t 
Supervisor s h a l l assume the r e s p o n s i b i l i t i e s as head 
of the S h i f t F i r e Crew. Whenever po s s i b l e , both the 
Petrochemical and Blending and Transfer S h i f t 
Supervisor s h a l l respond, with the Blending and 
Transfer S h i f t Supervisor a s s i s t i n g the Petrochemical 
S h i f t Supervisor when both are present. The acting 
coordinator of the S h i f t F i r e Crew s h a l l hereafter be 
r e f e r r e d to as the S h i f t F i r e Chief. 

The S h i f t F i r e Crew i s comprised of the following 
job c l a s s i f i c a t i o n s : 

v y 1. Pumpers 

2. Laboratory Personnel 

3. Coke Handlers 

4. S h i f t P i p e f i t t e r s 

T r a i n i n g sessions f o r S h i f t F i r e Crew personnel are 
held on a bi-monthly b a s i s . Classes c o n s i s t of prac
t i c a l and classroom i n s t r u c t i o n to enable members to 
adequately perform f i r e f i g h t i n g duties. 

DAY (VOLUNTEER) FIRE CREW 

The Day F i r e Crew provides f i r e p r o t e c t i o n during 
weekdays, between 7:30 A.M. and 4:00 P.M. and a s s i s t s 
the S h i f t F i r e Crew upon request. Membership consists 
of both s a l a r i e d and hourly personnel who normally 
work s t r a i g h t days and who have volunteered for 
membership. 

Training sessions f o r the Day F i r e Crew are held on 
a monthly ba s i s . A d d i t i o n a l half-day classes w i l l 
be held monthly f o r members c l a s s i f i e d as apparatus 
engineers. Apparatus engineers w i l l be c e r t i f i e d 
a f t e r passing a comprehensive written and p r a c t i c a l 
examination. 

B - l 



Section B 

Standing Orders for F i r e f i g h t e r s 

1. When reporting to the f i r e scene, go to 7618 
(command post - gear truck) and obtain your 
turnout gear. 

2. You w i l l be informed by the Fi r e O f f i c e r i n 
Charge where your squad i s working. You w i l l 
then report to your assigned Lieutenant. 

3. A l l i n j u r i e s , no matter.how small, must be 
reported to your o f f i c e r immediately. 

4. Radio transmissions must be b r i e f and to the 
point. Signal 10 Codes w i l l be used whenever 
possible. When transmitting, talk i n a normal 
tone of voice. Screaming into the mike i s 
not necessary. 

5. Each f i r e f i g h t e r w i l l be responsible for his/her 
turnout gear. Each person i s assigned a 
matching number of his/her helmet, coat,and 
boots. 

6. No f i r e f i g h t e r should respond to a f i r e c a l l i f 
he/she i s "under the weather". 

7. No f i r e f i g h t e r w i l l be excused from duty u n t i l 
a l l apparatus has been returned to service. 

8. A l l hourly f i r e f i g h t e r s w i l l sign the overtime 
sheet at the f i r e s t a t i o n and South Gate. 

9. F i r e f i g h t e r s are responsible for t h e i r home 
radio receivers. These are company property 
and are subject to the d i s p o s i t i o n of the 
Company. 
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Section C 

SECTION C. EMERGENCY ORGANIZATION RESPONSE PATTERNS 

The fo l l o w i n g response procedures f o r both the 
Day F i r e Crew and the S h i f t F i r e Crew are followed 
at Chicago Refinery. 

The Refinery emergency telephone number i s 222. 

The w h i s t l e w i l l sound f o r the following conditions: 

a) F i r e or P o t e n t i a l F i r e - Ten one-second b l a s t s 

b) Injury - One ten-second b l a s t . 

c) C o n d i t i o n a l A l l - C l e a r - Three three-second b l a s t s 

1. FIRES AND POTENTIAL FIRES 

A. Weekdays - 7:30 A.M. to 4:00 P.M. 

A l l daytime emergencies w i l l be handled 
by the Day F i r e Crew. The F i r e Chief 
or the F i r e O f f i c e r i n charge w i l l be 
responsible f o r assessing the s i t u a t i o n 
and p l a c i n g c a l l s f o r municipal or 
i n d u s t r i a l mutual a i d . 

The S h i f t F i r e Chief and the Process 
Supervisor f o r the area involved w i l l 
report to the scene and provide necessary 
information to the F i r e Chief. Operating 
Superintendents may respond to the scene 
at t h e i r own d i s c r e t i o n . 

Other supervisory personnel are not to 
respond to the scene of p o t e n t i a l f i r e s 
or f i r e s . 

The f o l l o w i n g i s the normal sequence of response 
f o r a l l daytime alarms at the Chicago,Refinery: 

Alarm Response 

1. F i r s t Alarm A l l F i r e f i g h t e r s 
7611 (1250 Pumper) 
7612 (1250 Pumper) 
7613 (250 Pumper) 
7614 (Rescue Truck) 
7616 (Light Plant) 
7618 (Command Post - Gear Truck) 
7619 (Telesqurt) 
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Section C 

Alarm Response 

2. Second Alarm F i r s t c a l l to Romeoville 
Fi r e Dept. (1000 GPM Pumper, 
1250 GPM 50 f t . telesqurt, 
l i g h t plant) and/or 
Lemont F i r e Dept. (1000 GPM 
Pumper) 

3. Third Alarm C a l l Lockport and/or 
Northwest Homer Fire Department 
(Lockport 1250 GPM Pumper ; Northwest 
Homer 1250 GPM Pumper 

4. Fourth Alarm Any additional requests for 
the Des Plaines Valley 
Mutual Aid Association or 
the Noreast I l l i n o i s Association 
of In d u s t r i a l Mutual Aid. 

B. Nights, Weekends, Holidays 

The S h i f t F i r e Crew, under the dir e c t i o n of 
the S h i f t F i r e Chief, i s responsible for 
handling minor p o t e n t i a l f i r e s and f i r e s 
at times when the Day F i r e Crew i s not 
present. Laboratory personnel are responsible 
for responding with 7611 and 7613. Other 
S h i f t F i r e Crew personnel s h a l l respond 
d i r e c t l y to the scene. Protective clothing i s 
mandatory. It i s located i n the back of the 
S h i f t Fire Chief's pickup truck. The Sh i f t 
F i r e Crew has the r e s p o n s i b i l i t y for responding 
to the emergency and is under the dire c t super
v i s i o n of the S h i f t F i r e Chief. Members of the 
S h i f t Fire Crew w i l l not return to their 
normal job function u n t i l released by the 
S h i f t Fire Chief or the F i r e O f f i c e r i n charge. 

The S h i f t F i r e Chief is responsible for deter
mining whether he has s u f f i c i e n t manpower to 
adequately handle the emergency. Should 
additional manpower be necessary, the S h i f t 
F i r e Chief w i l l radio Base 6 and request that 
the Day Crew members be n o t i f i e d . Should the 
s i t u a t i o n warrant, Romeoville and/or Lemont F i r e 
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Section C 

Departments w i l l also be n o t i f i e d . (See Section G, 
part 1, Mutual Aid Request.) Other mutual aid, 
i n d u s t r i a l or municipal, can be c a l l e d upon as 
necessary by the S h i f t F i r e Chief, the Fire Chief 
or the F i r e O f f i c e r i n charge. 

The following i s the normal sequence of response 
for night, weekend and holiday alarms at Chicago 
Refinery: 

Alarm 

1. F i r s t Alarm 
(Pot e n t i a l Fire 
and Fires) 

2. Second Alarm 
(Potential F i r e 
and Fires) 

T h i r d Alarm 

4. Fourth Alarm 

Response 

S h i f t F i r e Crew 
7611 (1250 Pumper) 
7613 (250 Pumper) 

Day F i r e Crew 
7612 (1250 Pumper) 
7614 (Rescue Truck) 
7616 (Light Plant) 
7618 (Command Post - Gear Truck) 
7619 (Telesqurt) 

Romeoville (1250 GPM Pumper, 
1250 GPM 50 f t . Telesqurt, Light 
Plant, and/or Lemont F i r e 
Departments (1000 GPM Pumper) 

F i r s t c a l l s w i l l be to L o c k p o r t 
and Northwest Homer; any 

^ a d d i t i o n a l r e q u e s t s f o r the Des 
P l a i n e s V a l l e y Mutual A i d Assoc
i a t i o n or the Noreast I l l i n o i s 
A s s o c i a t i o n of I n d u s t r i a l M u tual 
A i d w i l l be made by t h e F i r e 
O f f i c e r i n charge. 

2. INJURIES 

A. Weekdays - 7:30 AM to 4:00 PM 

Registered Emergency Medical Technicians w i l l 
respond to the scene of the emergency . 
Anytime an employee must be taken to the 
h o s p i t a l , the Municipal F i r e Department 
having j u r i s d i c t i o n (Romeoville F i r e Depart
ment south of the Blend Center, Lemont 
F i r e Department north of the Blend Center) 
w i l l be requested to dispatch an ambulance. 
The Union O i l Rescue Truck (7614) w i l l not 
leave the Refinery unless authorized by 
the F i r e Chief or Supervisor F i r e , Safety, 
Security. 
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Section C 

Nights, Weekends, Holidays 

1. The Blending and Transfer S h i f t Supervisor 
and the laboratory personnel on s h i f t are 
responsible f o r administering f i r s t a i d 
during nights, weekends and holidays. 

2. A l l c a l l s to Romeoville or Lemont f o r 
an ambulance w i l l be made by the North 
Plant Guard at the request of laboratory 
personnel or the S h i f t F i r e Chief. 

3. The Guard w i l l f i r s t determine: 

a) Where the ambulance i s needed; 

b) How many i n d i v i d u a l s injured; and 

c) Type of i n j u r y , i . e . , p o s s i b l e burn, 
p o s s i b l e broken bones, possi b l e gas, 
pos s i b l e heart, unknown, etc. 

4. The Guard w i l l provide pertinent i n f o r 
mation to the appropriate F i r e Department; 

a) Incidents south of the Blend Center... 
Romeoville F i r e Department (3 units) 
...Phone 81-886-2171. 

b) Incidents north of Blend Center... 
Lemont F i r e Department (2 u n i t s ) . 
Phone 9-257-2221. 

5. Once a F i r e Department i s n o t i f i e d , the 
Guard need not c a l l a d d i t i o n a l F i r e 
Departments. The F i r e Department contacted 
i s responsible f o r making sure that an 
ambulance responds to the request. 

6. The Roving Guard (7652) w i l l escort the 
ambulance to the accident scene. Under 
no circumstances w i l l the Refinery Rescue 
Truck be used f o r t r a n s p o r t a t i o n during 
nights, weekends or holidays. 

7. Any person i n j u r e d at Chicago Refinery w i l l 
be transported to S i l v e r Cross H o s p i t a l . 



Section D 

SECTION D. .EMERGENCY COMMUNICATIONS SYSTEM 

The North Plant Guard Gate (Base 6) w i l l take the 
emergency c a l l , sound the appropriate alarm, handle 
a l l emergency radio transmissions and sound the a l l -
clear when i n s t r u c t e d to do so by the S h i f t F i r e Chief 
or the F i r e O f f i c e r i n charge. 

The S h i f t F i r e Chief w i l l authorize Base 6 to telephone 
Romeoville or Lemont F i r e Department f o r assistance 
on a l l f i r e s occurring on nights, weekends and 
holidays. 

A voice actuated tape recorder located at Base 6 w i l l 
be recording a l l transmissions on the emergency frequenc 
from the time of the emergency u n t i l the a l l - c l e a r has 
been given. 

SUMMARY OF COMMUNICATION CENTER INSTRUCTIONS 

1. F i r e or P o t e n t i a l F i r e 

a) A c t i v a t e the f i r e / p o t e n t i a l f i r e whistle 
(Ten one-second b l a s t s ) . 

b) A c t i v a t e the tape recorder. 

c) Make P.A. and radio announcement as to d e t a i l s 
and l o c a t i o n of f i r e . 

d) Handle a l l emergency radio t r a f f i c . 

e) A c t i v a t e c o n d i t i o n a l a l l c l e a r w h i s t l e when 
in s t r u c t e d to do so by F i r e O f f i c e r i n charge. 

f) Announce a l l - c l e a r on P.A. system when so 
n o t i f i e d by the F i r e O f f i c e r i n charge. 
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2. Inj ury 

a) A c t i v a t e the i n j u r y whistle. (One ten-second 
b l a s t ) . 

b) A c t i v a t e the tape recorder. 

c) Make P.A. and rad i o announcement as to 
d e t a i l s and l o c a t i o n of i n j u r y . 

d) Handle a l l emergency radio t r a f f i c . 

e) On night s h i f t s , weekends and holidays -
request ambulance as i n s t r u c t e d by S h i f t 
F i r e Chief. 

f ) I n s t r u c t Roving Guard to escort ambulance 
to accident scene. 
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REVISED 11/29/83 

FIRE AND SECURITY RADIO SYSTEM DIRECTORY 

CALL LETTERS - KCK885/ 
FREQUENCY - R 158.370/T153•095 MHZ 

BASE STATIONS 
5 Truck Dispatcher 7 Medical Department Nurse 9 Room 107 Administration Building 
6 North Gate 8 South Gate 10 Lab Building Library Outlet 

21 Operator 

MOBILE UN ITS(17 Total) 

Unit FIRE DEPT. NO. DESCRIPTION SERIAL NUMBER 

••Persona 1 Veh i c1e 7601 Chief (Pirc) 203 CCY 0579 
3800 7601A Fire/Safety Supv. Vehicle LG 2159 
Persona 1 Vehicle 7602 Deputy Fi re Chief LG 2129 
Persona 1 Veh i cle 7603 Assistant Chief (Novotny) LG 2139 
Persona 1 Vehicle 7604 Assistant Chief (Fronek) 203 CCW 3564 
*5401 7611 Fi re Truck No. 1 203 CCY 580 
*5400 7612 Fi re Truck No. 2 LG 2099 
*6435 7613 Fire Truck No. 3 RG 6909 
-6536 7614 Rescue Truck TG 3350 
6502 7616 Light Plant LG 2149 

* 6 6 l 8 7618 Command Center 203 CCE 1436 
* 6 7 7 8 7619 Telesqurt 203 CCY 0581 
6632 7652 . Roving Guard MG 259M 
6593 Maintenance (T-43) LG 2089 
Cc3k - Maintenance (T-44) RG 826B 
00 Safety Inspector LG 2119 

6848 Safety Inspector LG 2169 

PORTABLE UNITS U.O.C. NO. ASSIGNED TO SERIAL NUMBER 

7601* 126 Fi re Chi ef (Pi rc) 420 AHW 0129 
7601** 18 Fire Chief (Pirc) 278 ADO, 1165 
7602* 93 Deputy Fire Chief (Brandolino) U21 E6M 
7602 24 Deputy Fire Chief (Brandolino) 278 ACG 2460 
7603* 5 Asst. Fire Chief (Novotny) 278 ACG 2455 
7604* 51 Asst. Fire Chief (Fronek) R46 E32 

7605 29 F., S., S. Supv. (Novotny) U21 E5M 
7606 109 Lieutenant (Ephraim) 278 ACG 2458 
7607* 125 Lieutenant (Abrams) 420 AHW 0128* 
7652 50 Roving Guard 278 ACG 2459 
7680 108 Shift Fire Chief (Petrochem) 278 ACG 2457 
7681 106 Shift Fire Chief (BST) 278 ACG 2454 
Spa res 114 278 ACG 0742 

107 278 ACG 2461 
91 278 ACG 2455 
5 7 * * * 278 ACG 2462 

ADO. 1164 
1 0 1 * * * * * 278 ACG 2781 

* Operates on 158.370, 154.400, 154.250, 154.265 
** Operates on 154.400, 154.265 
*** Operates on 154.400 ONLY 

**** Operates on 158.370, 154.400 
***** Operates on 154.250 ONLY 

DTP/Is 
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SIGNAL 10 RADIO CODE 

USE THIS CODE WHERE APPLICABLE 

10-0 Caution 10-41 Begin tour of duty 

10- 1 Unable to copy 10-42 End tour of duty 

10-2 Signal good 10- 43 Information 

10- 3 Stop transmitting 10-44 Permission to leave 

10-4 Acknowledgement 

10-6 Out of car 10-50 Accident 

10- 7 Out of service 10-59 Convoy or escort 

10- 8 In service 

10-9 Repeat 10-69 Message received 

10- 10 Fight i n progress 10- 70 Fi r e Alarm 

10- 12 Stand-by 10- 72 Report progress of f i r e 

10- 14 Prowler 10- 73 Smoke report 

10- 18 Quickly 10- 74 Negative 

10- 19 Return to l a s t c a l l 10- 76 Enroute 

10- 77 Time of a r r i v a l 

10- 20' Location 10- 78 Need assistance 

10-21 Telephone c a l l 

10- 22 Disregard 10- 85 Delayed due to 

10-23 Arrive at scene 10- 89 Bomb threat 

10- 24 Assignment complete 

10-25 Report i n person 10-93 Blockade 

10- 26 Voice scrambe on 10-97 Check signal (radio tes 

10- 27 Voice scramble o f f 

10- 30 Unnecessary use of radio 

10- 31 Crime i n progress " • 

10- 33 Emergency 
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SECTION E. CALL-OUT PROCEDURES FOR EMERGENCIES AND DISASTERS 

C a l l out procedures f o r major emergencies and 
di s a s t e r s at Chicago Refinery are handled by the North 
Plant Guard and are i n i t i a t e d upon au t h o r i z a t i o n by 
the S h i f t F i r e c h i e f . 

A l l F i r e Department members and the fol l o w i n g Operations, 
Maintenance and Administrative personnel have home 
a l e r t r e c e i v e r s and are a l e r t e d when a major, 
emergency e x i s t s : 

Refinery Manager 
General Superintendent of Operations 
Superintendent of Blending and Transfer 
Superintendent of Cracking 
Superintendent of Crude Processing 
Superintendent of Petrochemical Department 
General Superintendent of Maintenance 
Superintendent of S p e c i a l t y Crafts 
Supervisor of F i e l d Maintenance 
Refinery Chief Engineer 
Superintendent of I n d u s t r i a l Relations 
Supervisor, F i r e , Safety and Security 

For a l l major emergencies, the following procedure 
w i l l be followed: 

Upon a c t i v a t i o n of the home a l e r t r eceivers 
f o r major p o t e n t i a l f i r e s and f i r e s , the fo l l o w i n g 
personnel w i l l respond: 

1. A l l F i r e Department personnel. 

2. The Superintendent of the area involved. 

A l l F i r e Department personnel and the Superintendent 
of the area involved w i l l report to the mobile 
command center which w i l l be located at or near 
the emergency scene. 

I f the emergency i s serious enough i n nature and w i l l 
r e q u ire long-term f i r e f i g h t i n g operations, or f o r 
other extenuating circumstances, the Disaster Plan 
w i l l be a c t i v a t e d . C a l l - o u t procedures f o r a d i s a s t e r 
w i l l be handled by the North Gate Guard and w i l l 
r e q u i r e the response of a l l F i r e Department members 
and a l l personnel with home radios. The Disaster Plan 
can be put into e f f e c t by the S h i f t F i r e Chief or the 
F i r e Chief. Since the d i s a s t e r may or may not be 
declared with the i n i t i a l alarm, a l l Superintendents 
with radios must assure themselves that the s i t u a t i o n 
has been c o n t r o l l e d without a c t i v a t i o n of the 
Disas t e r Plan before r e s e t t i n g the home re c e i v e r . 
If necessary, the home radio w i l l be reactiv a t e d on 
the au t h o r i t y of the F i r e O f f i c e r i n charge. 
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Procedures for handling environmental emergencies 
such as o i l s p i l l s , a i r p o l l u t i o n , and hazardous 
materials releases are described i n Section H. 



SECTION F 

c Section F. DISASTER PLAN 

1. The Disaster Plan, not to be confused with the 
procedures to be followed during a f i r e or potential 
f i r e , w i l l be activated by the S h i f t F i r e Chief 
or the F i r e Chief when: 

a) The emergency requires long-term f i r e f i g h t i n g 
operations as evaluated by the Fi r e O f f i c e r 
i n charge; 

b) Additional supervisory help i s required; or 

c) When extenuating circumstances or adverse 
conditions (such as tornadoes, t o r r e n t i a l 
rains, power loss, etc.) dictate. 

The Disaster Plan i s divided into seven sections 
describing the r e s p o n s i b i l i t i e s and location assignments 
of personnel involved. 

The attached Emergency Organization chart is e f f e c t i v e 
during a disaster. 

The l a s t page of this section i s to be reviewed 
p e r i o d i c a l l y to keep a l l personnel f a m i l i a r with the 
plan. 

r 
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DISASTER PLAN ORGANIZATION 

REFINERY MANAGER j 

! T N n T T S T P T A T . R F T . A T T n w q I 

I OFFICE MANAGEMENT 

GENERAL 
SUPERINTENDENT 
OF OPERATIONS 

MAINTENANCE j 
SUPERINTENDENT! 

FIRE AND SAFETY CHIEF ENGINEER 

ENVIRONMENTAL 

PURCHASING 

F-2 



# 2 . 3 / 8 - L . 

SECTION F 

2. Refinery Manager Duties 

a) . Report to Administration Building Room 228. 

b) Advise corporate o f f i c e r s of the s i t u a t i o n . 

c) Advise other companies that may be affected. 

d) Keep abreast of operations and public r e l a t i o n s . 

e) Issue statements to the news media as necessary. 

3. Operations Command Center 

a) General Superintendent of Operations 
or Designated Alternate 

i) Report to Room 202 i n the Administration 
Building. This w i l l be the Operations 
Command Center. 

i i ) Insure that unit or s h i f t personnel are 
providing the Refinery Fire Chief with 
technical information concerning the area 
Involved. 

i i i ) Consider the impact of the emergency on the 
a b i l i t y of the Refinery to contain incoming 
raw materials and intermediate r e f i n e r y 
streams and take action as needed.. 

iv) Consider operating manpower requirements 
and take action as necessary. 

v) Assign a hi s t o r i a n to note emergency operating 
procedures for c r i t i q u e purposes. 

b) Operations Superintendents or Designated Alternates 

The Superintendent and Supervisor of the area 
involved w i l l report to the Mobile Command Center 
vehicle at the scene, assess the s i t u a t i o n and 
report back to the General Superintendent of 
Operations by phone as soon as possible. 

A l l other Operations Superintendents are to 
report to t h e i r respective Control Centers to 
evaluate the effect of the emergency on t h e i r 
areas of r e s p o n s i b i l i t y . 

Additional assignments w i l l come from the General 
Superintendent of Operations or his designated 
alternate. 
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c) Operations Supervisors or Designated Alternates 

Other operations supervisors w i l l respond to 
the Refinery as requested. I f , when c a l l e d 
by telephone, a designated place to report i s 
not spec i f i e d , the operating supervisor w i l l 
report to the Administration Building Cafeteria 
and immediately n o t i f y extension 332. 

d) General Superintendent of Operations 

The General Superintendent of Operations i s 
responsible for a l l operating manpower and 
equipment needs. Sources of these needs 
should be planned ahead so that both his 
alternate and other personnel involved are 
fa m i l i a r with the plan. 

4. Mobile Command Center 

a) The Fire Department equipment van (7618) w i l l 
be the Mobile Command Center. The van s h a l l 
be c e n t r a l l y located by the Fire O f f i c e r i n 
charge. This vehicle i s designated as a 
central meeting place for the Senior F i r e 
O f f i c e r , Supervisor of F i r e , Safety, and 
Security, and the Operating Supervisors of the 
area involved. 

The following equipment i s available i n the front 
section: 

(1) A four channel scanning transmitter for 
contacting responding mutual a i d apparatus 
(including our own f i r e / s e c u r i t y frequency) 

(2) An eight channel scanning transmitter on 
a l l Operating D i v i s i o n frequencies. 

(3) Operating unit diagrams 

(4) Fire-water system diagrams 

(5) Pencils, pens, paper and a blackboard 

(6) Tank Fire Preplan Manual 

(7) Mutual Aid Books 

(8) Hazardous Material Handbooks 

The back section contains f i r e fighter turnout 
clothing. 
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INDUSTRIAL RELATIONS CENTER 

a) Superintendent of In d u s t r i a l Relations 

i) Report to Room 104 (Superintendent 
of In d u s t r i a l Relations o f f i c e ) i n 
the Administration Building. This 
w i l l be the I n d u s t r i a l Relations 
Center. 

i i ) E s t a b l i s h communications with Security 
Supervisor: 

aa) Arrange for Security to a s s i s t 
p olice agencies with crowd and 
t r a f f i c control. 

bb) Contact to be established with 
l o c a l p o l i c e agencies. 

i i i ) Assign switchboard r e s p o n s i b i l i t i e s . 

iv) E s t a b l i s h F i r s t Aid Post: 

aa) C a l l out Refinery Nurse. 

bb) Advise company physician of s i t u a t i o n . 

cc) Maintain record of number of casualties 
and nature of injury (also name, i f 
known). • 

v) Establish Press Relations 

aa) Have Security direct press to 
Administration Building lobby. 

bb) Issue press statements as directed 
by manager. 

vi) Provide food and shelter for emergency 
personnel. 

v i i ) Make n o t i f i c a t i o n of next of k i n i n the 
event of f a t a l i t i e s or i n j u r i e s . 
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b) In d u s t r i a l Relations Supervisors 

A l l other In d u s t r i a l Relations and Office 
Management supervisors w i l l respond to the 
Refinery as requested, and report to the 
Ind u s t r i a l Relations Center. 

The Superintendent of I n d u s t r i a l Relations 
w i l l be responsible f o r various needs during 
the disaster. 

Maintenance Center 

a) General Superintendent of Maintenance 
(or alternate) 

i) Report to Room 242 i n the Administration 
Building. This w i l l be the Maintenance 
Center. Notify General Superintendent 
of Operations that the Maintenance Center 
i s i n Operation. 

i i ) Coordinate a l l men and equipment of 
a maintenance nature that may be requested. 

i i i ) E s t a b l i s h s h i f t assignments for key super
visory personnel. 

iv) E s t a b l i s h staging areas and assign work 
as necessary. 

v) Contact various firms for materials and 
supplies i f deemed necessary. 

vi) Provide various c r a f t s as needed for 
continued plant operation or cleanup 
operations. 

b) Maintenance Superintendents (or alternates) 

A l l Maintenance Superintendents are to report 
to the Maintenance Center i n the Administration 
Building. S p e c i f i c assignments w i l l be made 
by the General Superintendent of Maintenance. 

c) Maintenance Supervisors 

A l l Maintenance Supervisors w i l l respond to 
the Refinery as requested. I f , when cal l e d by 
telephone, a designated place to report is 
not sp e c i f i e d , each Maintenance Supervisor 
w i l l report to the Administration Building 
Cafeteria and immediately n o t i f y extension 320. 
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d) The General Superintendent i s responsible 
for a l l maintenance manpower and equipment 
needs. Sources of these should be planned 
ahead so that both his alternate and other 
personnel involved are f a m i l i a r with the 
plan. 

7. Status and Manpower Center 

a) Chief Engineer 

i) Report to Room 203 i n the Administration 
Building. This w i l l be the Status 
and Manpower Center. Notify the 
General Superintendent of Operations 
that the Status and Manpower Center i s 
i n operation. 

i i ) Notify Environmental Supervisor to 
report and esta b l i s h Environmental Center. 

i i i ) Coordinate dispatching of personnel from 
manpower pool. 

iv) Using a plot plan of the involved area, 
e s t a b l i s h and maintain a status board. 

v) Recommend outside technical manpower and 
supplies to the Plant Manager. 

vi) Monitor laboratory r e s u l t s to insure 
non-contamination of products. Advise 
Operations i n the event of a problem. 

8. Environmental Center 

a) Environmental Supervisor 

i) Report to Room 230 i n the Administration 
Building. This w i l l be the Environmental 
Center. 

i i ) Record l i a b i l i t y claims and environmental 
information associated with the emergency. 

aa) Assign a supervisor to log a l l 
de t a i l s of a l i a b i l i t y claims and 
environmental problems. 

bb) Notify p o l l u t i o n agencies as necessary. 

c 
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9. Summary of Command Center Locations and Telephone 
Numbers 

a) Operations Command Center 

Room 202 of the Administration Building -
Extension 332. 

b) Mobile Command Center 

At disaster scene -- contact v i a Fire/Security 
radio. 

c) I n d u s t r i a l Relations Center 

Room 104 of the Administration Building -
Extension 216. 

d) Maintenance Center 

Room 242 of the Administration Building -
Extension 320. 

e) Status and Manpower Center 

Room 203 of the Administration Building -
Extension 289. 

f) Environmental Center 

Room 230 of the Administration Building -
Extension 308. 
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SECTION G. MUTUAL AID -, INDUSTRIAL AND MUNICIPAL 

1... Requests 

a) Municipal 

The Des Plaines Valley Fireman's Mutual Aid 
Organization is composed of 24 F i r e Departments, 
largely but not e n t i r e l y composed of municipal 
f i r e departments. The municipal f i r e depart
ments l i s t e d can be r e l i e d on for manpower and 
pumpers, a e r i a l s , e x t r i c a t i o n and cutting 
equipment as l i s t e d i n the mutual a i d manuals. 
Requests for mutual a i d are to be made by 
telephone from the North Gate Guard Station 
or by the F i r e Chief by radio. 

b) In d u s t r i a l 

The Noreast I l l i n o i s Association of I n d u s t r i a l 
Mutual Aid (NIAIMA, pronounced NAY-MUH) i s 
composed of area r e f i n e r i e s and petrochemical 
complexes. Equipment i s available on a 
24-hour basis. The following procedure is to 
be followed when requesting help from NIAIMA 
members. 

The complete N.I.A.I.M.A. Emergency Manual is 
kept i n the o f f i c e of the Fi r e Protection Supervisor, 
the S h i f t F i r e Chief and the Mobile Command 
Center. The Fire Ground O f f i c e r i n charge w i l l 
i n s t i t u t e any request for mutual a i d and 
be responsible for the following: 

i ) Determine whether the fire/emergency is or 
may be beyond the control of in-plant 
personnel/equipment and available municipal 
help. 

i i ) Determine the s p e c i f i c type and amount of 
equipment and supplies needed. 

i i i ) Locate nearest source(s) for the required 
aid i n the "N.I.A.I.M.A." Manual. 
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iv) C a l l number(s) l i s t e d i n Manual and 
give: 

aa) Code words: "This i s a 'FIRE' 
emergency". 

bb) Name and location of requesting 
company and plant; and the nature 
of the emergency. 

cc) S p e c i f i c information on equipment, 
material, supplies, or other help 
that i s required. 

dd) Point at which Co be delivered. 

ee) Route or approach suggestions. 

f f ) Name and t i t l e of Company Representative 
requesting aid. 

gg) Name of c a l l e r and phone number in case 
further contact i s needed. 

v) Secure name of person taking request and 
confirm that aid w i l l be sent. 

v i ) Designate a responsible person to meet the 
incoming aid at the staging l o c a t i o n 
designated by the F i r e Chief. 

v i i ) Provide plant or municipal manpower to use 
Che equipment received from the responding 
mutual aid companies. 

2. Assis ts 

Requests for mutual aid assistance from e i t h e r NIAIMA 
or Des Plaines Valley members are to be handled as 
follows: 

a) South Plant Guard 

i) Take the c a l l e r ' s name and the F i r e 
Department that he represents. 

i i ) Take the location of the emergency. 

G-2 



_ SECTION G 

i i i ) Write down what equipment he needs. 

iv) C a l l and t e l l the S h i f t F i r e Chief 
exactly what you have written down. 

b) S h i f t F i r e Chief 

i ) Make arrangements to have requested 
materials transferred, i f that i s the • 
case. 

EXAMPLE 

"Mobil O i l requests 300 gallons of XL-3 
foam." S h i f t F i r e Chief must arrange f o r . 
fork l i f t truck to pick the p a l l e t of 
foam up and place on Company truck. 
Company truck w i l l then be driven to 
Mobil O i l . 

No t i f y the F i r e Protection Supervisor, the 
next a v a i l a b l e ranking F i r e O f f i c e r and 
the Supervisor of F i r e , Safety and Security. 

I f mobile apparatus i s requested, the 
equipment w i l l not leave the plant without 
a F i r e Department O f f i c e r on the apparatus. 

c 

i i ) 

i i i ) 

i 
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SECTION H ENVIRONMENTAL EMERGENCY PROCEDURES 

The following table l i s t s the environmental emergency-
plans i n use at Chicago Refinery, t h e i r purposes, and 
the department(s) responsible f o r t h e i r implementation. 

Emergency Plan Purpose 

Minimize hazards to 
human health or to 
the environment from 
release of: 

Department Responsible 
For Plan Implementatio 

Emission Reduction Nitrogen oxides, 
Plans 

a. A i r P o l l u t i o n 
Watch 

b. A i r P o l l u t i o n 
Yellow A l e r t 

s u l f u r oxides, or 
partic u l a t e s to the 
a i r . 

Plant Manager (on 
IEPA Notice). 

a.b.c, Operations 
General Supt. 
or designated 
alternate. 

d. A l l D i v i s i o n Heads. 

c 

c. A i r P o l l u t i o n 
Red A l e r t 

d. A i r P o l l u t i o n 
Emergency 

O i l S p i l l Plan L i q u i d hydrocarbons 
to a navigable 
waterway. 

Blending and Transfer 
Dept; Conservation 
Dept. 

Hazardous Subs tance Aromatic Solvents, Operations D i v i s i o n 
Release Plan. Caustic, acid, a n t i - Depts. 

knock compounds to 
a i r , water or s o i l . 

Land Farm Emerg
ency Plan. 

Sludge to a i r , water Conservation Dept. 
or s o i l due to run
of f , f i r e , or 
explosion. 
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COMPANY: Union O i l Company o f C a l i f o r n i a 

.1 2 3 4 . 5 . 
APPARATUS . FOAM • FOAM - MINI - FOAM -
T Y P E „ENGINE . ENGINE . PUMP . AERIAL . 

APPARATUS . MAILING ADDRESS: _ 
NUMBER . 7 6 1 1 . 7 6 1 2 ' . 7 6 1 3 . 7 6 1 9 • Union O i l Co. o f C a l i f o r n i a 

WATER CAPACITY, 

GPM . 1 2 5 0 1 2 5 0 . . 2 5 0 . 1 5 0 0 . C h i c a g o R e f i n e r y 

FOAM C A P A C I T Y , • a 

GPM . 1 5 0 0 . 1 5 0 0 . 1 0 0 . 1 5 0 0 . . Lemont, IL 6 0 4 3 9 

FOAM CAPACITY , 

GALLONS 1 0 0 0 1 0 0 0 " 1 0 0 '. : 7 5 0 . ] 

FOAM « • 

T Y P E . X L - 3 . X L - 3 . AFFF . X L - 3 - '. EMERGENCY PHONE: 
DRY CHEMICAL, 

POUNDS . 0 0 0 . 0 . . ( 3 1 2 ) 2 5 7 - 7 7 6 1 

DRY CHEMICAL, 

T Y P E 

HOSE THREAD, 

T Y P E NST NST NST 

1-1/2" ATTACK 

L I N E S , F T . 500 500 150 

2 - 1 / 2 o r 3 " 

H O S E , F T . 1 2 0 0 1200 400 

4 " H O S E , 

F T . 

HARD SUCTION, 

D I A . / L E N G T H 2Q'-6" .2Q'-6" .2Q'-21' 

MONITOR, 

F I X E D 1 1 0 

MONITOR, 

P O R T A B L E 1 

COMMUNICATIONS: • F I . 1 54 . 400- 1 ̂ 4 . 400-1 Sk . 400 

F 2 . 154 .250 - 1 5 4 . 2 5 0 - 1 5 4 . 2 5 0 

F 3 . 1 5 4 . 2 6 5 - 1 5 4 . 2 6 5 - 1 5 4 . 2 6 5 
S C B A , 

U N I T S / S P A R E BOTTLES 6/4 

NST 

1200 

A e r i a l 

0 

54.250 

5 4 . 2 6 5 -

2 / 0 

BUSINESS PHONE: 

(312) 257-7761 

F I R E C H I E F : 

D a l e T. P i r c 

NAME: 

Jim.Abrams 

SECONDARY: 

NAME: 

Raymond L. B r a n d o l i n o 

OTHER ITEMS* DESCRIPT ION, M O D E L , E T C . 

2 S e l f - C o n t a i n e d 
A c i d S u i t s - 2 

• 

1 S k y - G e n i e '. 1 '. '. 

1 S t o k e s Basket . 1 '. '. 

1 C h l o r i n e "B" K i t ] \ 
— 

XL~3 Foam . . . 
-

- 2 0 0 0 q a l . . 55 a a l . drums 

- • 

-

* P L E A S E L I S T F I R E / R E S C U E / H A Z M A T S U P P L I E S THAT YOU COULD SEND. 
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- R E V I S E D : 



MUTUAL A I D A R R I V I N G A T T H E R E F I N E R Y 

DURING A F I R E AT T H E R E F I N E R Y , NO ARRIVING MUTUAL A I D , EITHER 

INDUSTRIAL OR M U N I C I P A L , W I L L ENTER T H E REFINERY WITHOUT CONSENT 

OF T H E SENIOR O F F I C E R IN C H A R G E . T H I S INCLUDES P O L I C E SQUADS, 

C I V I L D E F E N S E ORGANIZATIONS, E T C . IF A V E H I C L E A R R I V E S AT T H E 

GATE WITHOUT PRIOR N O T I F I C A T I O N , CONTACT T H E SENIOR O F F I C E R 

FOR C L E A R A N C E . a LOG IS TO B E KEPT OF A L L A R R I V I N G V E H I C L E S 

WHICH WILL INCLUDE T H E V E H I C L E NUMBER, T H E NAME OF THE O R G A N I 

Z A T I O N ENTERING T H E REFINERY AND T H E NUMBER OF PEOPLE IN OR ON 

THAT V E H I C L E . no ONE FROM AN O U T S I D E M U N I C I P A L OR INDUSTRIAL 

F I R E DEPARTMENT IS TO ENTER T H E REFINERY IN H I S PERSONAL V E H I C L E . 



FIRES, POTENTIAL FIRES 
N I G H T S , WEEKENDS, AND HOLIDAYS 

1 . SOUND T H E APPROPRIATE I N - P L A N T A L A R M . 

2 . A C T I V A T E THE T A P E RECORDER. 

3 . ANNOUNCE OVER T H E I N - P U N T PUBLIC ADDRESS SYSTEM AND OVER 
T H E F I R E / S E C U R I T Y RADIO, T H E LOCATION AND NATURE OF T H E 
EMERGENCY. 

4 . F I L L IN THE APPROPRIATE INFORMATION ON T H E "222 S H E E T S " 
P R O V I D E D . 

5 . DO NOT C A L L OUT T H E UNION O L L F L R E DEPARTMENT UNLESS I N 
S T R U C T E D TO DO so BY THE S H I F T F I R E C H I E F 7 6 8 0 . T H E S H I F T 
F I R E C H I E F WILL DETERMINE I F HELP IS NEEDED AND W I L L R E Q U E S T 
I T A C C O R D I N G L Y . I F THE SHI FT F l R E C H I E F REQUESTS T H E UNION 
O I L F I R E DEPARTMENT BE N O T I F I E D A C T I V A T E T H E HOME F I R E 
RADIOS BY A C T I V A T I N G CODES 1 2 , 32 , 42 AND 52 ON T H E ENCODER 
L O C A T E D ON T H E CONSOLE. I F YOU ARE REQUESTED TO A C T I V A T E 
T H E HOME F I R E RADIOS, DO SO AND FOLLOW WITH AN ANNOUNCEMENT 
D E S C R I B I N G T H E LOCATION AND NATURE OF T H E EMERGENCY. T H I S 
IS TO B E DONE ON T H E AUTHORITY OF T H E S H I F T F L R E C H I E F O N L Y ! 

6 . I F T H E S H I F T F I R E C H I E F 7680 DETERMINES O U T S I D E HELP OTHER 
THAN OUR F I R E DEPARTMENT IS NEEDED, YOU MAY BE REQUESTED 
TO N O T I F Y ONE OF TWO MUNICIPAL F I R E D E P A R T M E N T S : 

1 . R O M E O V I L L E F I R E DEPARTMENT - 8 1 - 8 8 6 - 2 1 7 1 

2 . LEMONT F I R E DEPARTMENT - 8 3 - 2 5 7 - 2 2 2 1 

A D D I T I O N A L HELP WILL BE REQUESTED BY T H E SENIOR O F F I C E R IN 
CHARGE THROUGH T H E ROMEOVILLE F L R E DEPARTMENT. 

7 . I F I N D U S T R I A L MUTUAL AID I S REQUIRED, YOU MAY B E REQUESTED 
TO P L A C E A PHONE C A L L TO PEOPLES G A S , L I G H T AND C O K E , 
OR M O B I L O I L R E F I N E R Y . 

* P E O P L E S G A S , L I G H T AND COKE - 8 1 5 - 4 2 3 - 6 1 4 3 

* M O B I L O I L REFINERY - 8 1 5 - 4 2 3 - 5 5 7 1 

* T H E S E ARE LONG D I S T A N C E C A L L S . TO P L A C E A LONG D I S T A N C E 
C A L L , CONTACT T H E SOUTH GATE AND REQUEST T H E I R A S S I S T A N C E . 
You W I L L BE INFORMED OF D E T A I L S OF T H E REQUEST BY T H E 
SENIOR O F F I C E R IN CHARGE OF T H E F I R E . 

8. ANNOUNCE THE " A L L C L E A R " WHEN REQUESTED TO DO SO BY T H E 
SENIOR O F F I C E R IN CHARGE ONLY! 



INJURIES 

N I G H T S , WEEKENDS, HOLIDAYS 

1. SOUND T H E A P P R O P R I A T E I N - P L A N T A L A R M . 

2 . A C T I V A T E T H E T A P E RECORDER. 

3 . ANNOUNCE OVER T H E I N - P L A N T PUBLIC ADDRESS SYSTEM AND T H E 
F I R E / S E C U R I T Y R A D I O , THE LOCATION OF THE I N J U R Y . 

4 . DO NOT C A L L FOR AN OUTSIDE AMBULANCE U N T I L REQUESTED TO DO 
SO BY T H E S H I F T F I R E C H I E F OR LABORATORY PERSONNEL. I F 
T H E INJURED PERSON IS SOUTH OF T H E BLEND C E N T E R , C A L L T H E 
ROMFOVILLE FTRF DEPARTMENT, 8 1 - 8 3 6 - 2 1 / 1 . I F T H E INJURED 
PERSON IS NORTH OF T H E BLEND C E N T E R , C A L L T H E LEMONT F l R E 
DEPARTMENT. 8 3 - 2 5 7 - 2 2 2 1 . 

REVISED 
8 / 1 5 / 8 0 



ATTACHMENT G-2 

SPILL PREVENTION CONTROL AND 
COUNTERMEASURE PLAN 

CHICAGO REFINERY 



S P I L L PREVENTION CONTROL AND 
COUNTERMEASURE PLAN (SPCC PLAN) 

FOR 

CHICAGO REFINERY 

UNION OIL COMPANY OF CALIFORNIA 

The Chicago R e f i n e r y o f Union O i l Company o f C a l i f o r n i a i s a 
f a c i l i t y t h a t r e f i n e s crude o i l i n t o f i n i s h e d p r o d u c t s . The 
R e f i n e r y i s l o c a t e d on an 860 a c r e t r a c t o f l a n d i n W i l l Count 
between t h e v i l l a g e s o f Lemont and R o m e o v i l l e . 

The a d d r e s s and t e l e p h o n e number o f t h e f a c i l i t y i s as f o l l o w s 

C hicago R e f i n e r y 
U n i o n O i l Company o f C a l i f o r n i a 
135th S t r e e t and New Avenue 
Lemont, I l l i n o i s 60^39 

Telephone: (312)257-7761 . 

R e v i s e d 1/14/83 



MANAGEMENT APPROVAL 

This SPCC Plan w i l l be implemented as herein described: 

Signature 

Name A. J . E l i s k a l n s 

T i t l e Manager, Chicago Refinery 

1/14/83 Page 2 



CERTIFICATION 

I hereby c e r t i f y that I have examined the f a c i l i t y and being f a 
m i l i a r with the p r o v i s i o n s of 40 CFR, Part 112, a t t e s t that t h i s 
SPCC Plan has been prepared i n accordance with good engineering 
p r a c t i c e s . 

Walt Jenkins 

P r i n t e d Name of Registered P r o f e s s i o n a l Engineer 

Signature of Registered P r o f e s s i o n a l Engineer 

R e g i s t r a t i o n No. 62-29276 State:. I l l i n o i s 

Date January 24, 1983 

Revised 1/14/83 Page 3 
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112.7(a) SPILL RECORD 

1. This f a c i l i t y , over the past year, has had a reportable non-
transportation r e l a t e d s p i l l . Yes X No 

2. Descriptions of any reportable s p i l l s are given below, i n c l u d 
ing c o r r e c t i v e action taken and plans f o r preventing recurrence 

A. There has been seepage of o i l into the I&M Canal. This 
seepage appears re l a t e d to groundwater l e v e l and i s not 
due to any s p i l l i ncident. The sources of o i l are not 
known. O i l appears to have contaminated c e r t a i n under
ground areas i n the old Refinery over the past f i f t y years. 
O i l i s retained within company property l i m i t s . The 
s i t u a t i o n i s under control and i s being improved by 
continuing program of plant improvements -of drainage and 
housekeeping items. 

B. O i l seepage to Sanitary and Ship Canal - March 10, 1976 -
see pages 5A - 5C. 

C. O i l seepage to Sanitary and Ship Canal - July 2, 1976 -
see pages 5D - 5F. 

D. O i l s p i l l to Sanitary and Ship Canal -- May 18, 1979 -
see pages 5G - 5H. 

E. O i l seepage to I&M Canal - December 15, 1981 - see pages 
51 - 5J. 

F. O i l seepage to I&M Canal - December 3, 1982 - see page 5K. 

G. O i l seepage to I&M Canal - A p r i l 5, 1983 - see page 5L. 

H. Xylene s p i l l to I&M Canal - A p r i l 21, 1983 - see page 5M. 

I. O i l seepage to I&M Canal - July 2, 19 83 - see Page 5N. 

J. O i l S p i l l to I&M Canal - January 13, 1984 - see Page 50. 

K. O i l Seepage to I&M Canal - March 2, 1984 - see Page 5P 

L. O i l Seepage to I&M Canal - March 26, 1984 - see Page 5Q 

Revised 4/27/84 Page 5 



OPR 257 

Chicago Refinery 
March 15, 1976 

TO: J . R. Mortenson. 

OIL SEEPAGE INCIDENT 

On Wednesday, March 10, 1976, at 3:50 AM, Mr. Ed Perry, 
a Union O i l Company Tankerman, observed o i l seeping into 
the Chicago Sanitary and Ship Canal at the Chicago Refinery 
barge loading dock-. Plant supervisors; were alerted and 
the U. S. Coast Guard was notified by 4:00" AM* 

O i l was discovered flowing from open sewer system catch 
basins in. the south dock area and soaking into the ground. 
On. further- investigation, the- south end sewer system sump 
pump was found to have a broken shaft coupling making i t 
i n o p e r a t i v e T l i e sewer system collects: o i l from curbed 
loading spots: for barge loading operationsas well as storm 
water and f i e l d water drainage.. The sump pumps discharge 
this material to the.ballast and sewer water storage tank. 

The Refinery's large vacuum truck was available so i t was 
dispatched immediately to the dock and began pumping out 
the sewer system by 4:00 AM. Additional help was called 
and a s l i c k bar boom was deployed along the dock' facing 
together with 3M sausage-type absorbent booms. A permanent 
s l i c k bar boom situated downstream of barge loading opera
tions was also extended to c o l l e c t escaping o i l . By 5:15 AM 
most of the seeping o i l was contained. 

at 7:45 AM the small Refinery vacuum truck arrived and 
began removing o i l contained by the s l i c k bar booms i n 
the canal. The large truck could not be used for this' 
service as i t could not be maneuvered close enough to 
the dock edge to be effective and i t was already being 
used most effectively pumping out the sewer sump. By 9:00 AM, 
the small truck had picked up the bulk of the o i l collected 
behind the s l i c k bars. 

Page 5A 



Pump repairman Arrived at 7:50 AM and had made temporary 
repairs by 9:00 A M. The. repaired pump quickly pumped out 
the o i l from tho sewer so the system was returned' to normal 
conditions except for the o i l which had soaked into the 
ground and continued to seep out the dock wall crevices. At 
approximately 6:30 AM, Mr. Kenneth Kolar, U.S.C.G., arrived 
and assisted i n the placement of a secondary boom at the 
permanent in s t a l l a t i o n . At about noon, Lt. Gerald Jenkins 
arrived to inspect the area.and at his request our longest 
s l i c k bar of .350 f t . was extended along the face of the canal 
providing double containment of the seepage area. 

At 2:00 PM, the south pump bearings were replaced providing 
more reliable p^p operation. By 3:30 PM seepage had diminished 
to trace amount;. The vacuum truck was kept on duty throughout 
the night removing small" quantities, of o i l as i t accumulated-. 

The sewer system overflow was determined to have been caused 
by a failure of the flow check valve on the downstream side 
of the south suiip pump and the failure of the pump coupling. 
The check valve had worn so that i t did not seal properly 
permitting o i l ~-j flow from the pump discharge line into the 
south sewer sys^ti. The flow resulted either from the pumpout 
of the north, surp or by siphoning from- the ballast tank. 

There i s no way determine the loss of o i l into the canal. 
Mr. Kolar advise us he estimated on the basis of downstream 
investigations ^ - a t approximately 300 gallons had escaped.. 

Each sump has ar independent high le v e l alarm- and l i g h t i n 
stalled adjacent to the sump. When the sewer overflow was di s 
covered, the aliina l i g h t was l i t but the horn was not sounding. 
The alarm li g h t is small and p a r t i a l l y shielded so that i t can 
only be seen fr̂ -r, the shore side whereas personnel t r a f f i c 
usually follows ^ path on the canal side of the sump pump. 
There i s no e x p i a t i o n as to why the horn did not sound. 

Tp protect agai-i^t: reoccurrence, new check valves w i l l be 
installed i n bo;- north *-nr* south sewer systems and alarm 
system lights az-* horns relocated. 

BJNotheisen/ains 
c c : L. R. Mcl"6--ie 

n T M o t - - . . - . 

D. V. Fulton 
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OPR 260-76 

Chicago Refinery 
March 16, 1976 

TO: R. V. McDowell 

A0 

UPGRADE BARGE LOADING DOCK 
SEWER AND BALLAST SYSTEM 

Please prepare a process design and. cost estimate to 
upgrade the sewer and- ballast system, at: the Barge Loading 
Dock. The scope of project includes: 

1. Relocate or modify the sump high level alarm horns 
so they can be heard. Revise alarm lights so they 
can be v i s i b l e from "canal side of Unit. 

2. Revise b a l l a s t piping to discharge separately into 
bal l a s t tank 44TK-3. 

3. * Design spare pumps for 33G-1 and 33G-2 sumps. Instru
mentation to automatically start spare pumps. 

4Jfc Separate sumps 33G-1 and 33G-2 so one i s for process 
sewer and the other i s for the interceptor system. 

5. Revise 33G-1 and 33G-2 discharge piping so material 
cannot gravitate or be pumped back from Tank 44TK3 . 
or from the companion sewer sump. 

6. * Replace t i l e i n the interceptor ditch that has f a i l e d . 

7. In s t a l l cement catch basins so areas of potential 
leakage are contained i n the sewer system. 

Separate the costs for items No. 3, No. 4, and No. 6. 

L. R. McKelvie 

LRM/fanisL^ H. D. 
r*r*. n \7 Pnl |-nn "5 _ - j f_ 



7/8/76 

OIL SEEPAGE INTO SHIP AND SANITARY CANAL 
> AT CHICAGO REFINERY MARINA 

Date - July 2, 1976 

T*™*» - At 0010 hours, Mr. E. Ferry (Dockman) found the small 
gasoline dispensing tank overflowing on the ground and 
into the sewer system. Some gasoline was percolating 
through gravel resulting in minor "seepage into canal 
along the face of the Canal Dock. 

-Operation - No'b'axge loading or unloading was being performed 
at the dock during s h i f t . No towboats requested refueling 
service during the s h i f t . 

Mr. Ferry (Dockman) found the following unauthorized 
hookup and transfer at 0010 hours. 

Someone had disconnected the drain piping and had connected 
an a i r hose to the 4B barge loading arm. The other end of 

. the hose was stuck into the gasoline dispensing tank f i l l 
pipe. The Premium Gasoline manifold valve to the 4B loading 
arm was open, and the drain valve was open. Premium Gasoline 
was gravitating into the dispensing tank and overflowing 
onto the pad. 

An investigation i s being made to determine who made the 
•unauthorized hookup and who started, the unauthorized transfer 
and when and why. 

Action Taken - Immediately, shut o f f gasoline gravitating to the 
tankTand started containment, cleanup, and notification. 

Installed absorbant booms between Canal wall and two . 
barges tied off downstream of point of seepage. 

Checked sump pump emptying process sewer. 

Vacuum truck cleaning up o i l seepage between Canal 
wall and barges. 

Notified Coast Guart at about 0200 hours, who i n turn 
n o t i f i e d Metropolitan Sanitary D i s t r i c t . 

Washed down the gravel with water after o i l containment 
equipment was put i n place. 

1. 

2. 

3. 

4. 

5. 
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Amount of Seepage -

Estimate the seepage into the Canal at about one (1) 
barrel. 

/ • • E. Ferry , DocJcman * 

. L. Toon, Loading Supv. 

LKMcKel v i e / ams 
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Corrective Action - Incident of July 2, 1976 

1. July 12, 1976 a work order was written to remove the 
gasoline dispensing tank from the Marina Area. 

2. July 14, 1976, plant e l e c t r i c i a n s disconnected power 
from gasoline dispensing equipment, which was then 
removed from the Marina and taken to the Braun Bui l d 
ing area. 

3. July 13 and 14, 1976, Mr. Ed Ferry was given d i s c i 
p l inary l a y - o f f . 

4. October 19 and 20, 1976, Mr. George Bokan was given 
d i s c i p l i n a r y l a y - o f f . 
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O i l S p i l l Into Ship and Sanitary Canal 

On Friday, May 18, 1979, at 1250 hours, an o i l s p i l l 
occurred into the Sanitary and Ship Canal at the 
Chicago Refinery barge loading dock. Plant supervisors 
were alerted. Since U. S. Coast Guard Personnel were 
making an inspection of the barge dock at this time, 
they ca l l e d the s p i l l into their Chicago O f f i c e . Later 
they i n s i s t e d that Union O i l Comp personnel also c a l l 
the s p i l l into t h e i r o f f i c e . This was done at 1410 
hours by L. D. E r c h u l l . 

Ed Schultz, J r . , a Union O i l Company Tankerman cracked 
open the main valve on a l i n e containing carbon black 
feedstock (Decant Oi l ) leading to a chiksan (loading 
arm) so that a sample could be taken f o r testing. In
advertently, the chiksan was not blinded at that time 
so that 3 - 5 gallons of o i l escaped onto the canal. 

As soon as the tankerman noticed the s p i l l , a few seconds 
elapsed, the valve was closed and the flow of o i l ceased. 

The s p i l l was contained and picked up by sorbant booms 
on the canal. The canal wall and the side of the barge 
were also cleaned of o i l . 

To prevent reoccurrence, refer to page 5H. 
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OPR-703-79 

Chicago Refinery 
June 1, 1979 

TO: Canal Dock 

Chiksan Loading Arms 

To prevent a reoccurrence of what happened 5/18/79, 
(spillage of Decant O i l into Canal) effective imme
diately a new policy w i l l be initiated to have 
chiksans blinded following the unhooking of barges. 

This also means that i f another barge i s to load 
the same product the chiksan must be blinded u n t i l 
barge is spotted. 

C. J. Abrams, Jr. 

CJAsrea 
cc: Shift Supervisors 
^»mr. L. D. Erchull 

1-OC02H-73) 
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ENV 170-81 

o CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 
# 971205 

December 21, 1981 

At t n : MST3 Crowder 
USCG Marine Safety O f f i c e 
610 S. Canal Street 
Chicago, I l l i n o i s 60607 

Background Statement On O i l 
Seepage Incident To I&M 
Canal On December 15, 1981 

The purpose o f t h i s statement i s to provide background 
in f o r m a t i o n on the events which probably l e d up to the o i l 
seepage i n c i d e n t to the I&M Canal on December 15, 1981. At 
the time o f the seepage i n c i d e n t the terminus of the sewer 
system from the north part o f the r e f i n e r y to the storm water 
b a s i n was under water due to the-higher than normal l e v e l of 
the storm water bas i n . 

The Waste Treatment Plant has experienced increased organic 
loading and mechanical equipment f a i l u r e s i n the past two 
months. The higher organic loadings made i t necessary to reduce 
charge r a t e s to the Waste Treatment Un i t which were fur t h e r 
reduced when mechanical f a i l u r e s were experienced with the 
primary c l a r i f i e r . When the primary treatment s e c t i o n of the 
Waste Treatment Unit i s l o s t , a decrease i n e f f i c i e n c y of the 
b i o l o g i c a l s e c t i o n i s observed. This i n t u r n requires that the 
charge to the Waste Treatment Un i t be reduced to maintain 
compliance with s t r i c t s tate and f e d e r a l e f f l u e n t l i m i t a t i o n s . 

Since the primary c l a r i f i e r was returned to s e r v i c e on December 
11, the stormwater b a s i n has been s t e a d i l y drawn down. Union 
w i l l continue to draw the bas i n down as r a p i d l y as po s s i b l e 
without v i o l a t i n g any e f f l u e n t l i m i t a t i o n s . In order to minimize 
the stormwater basin l e v e l , untreated wastewater was rec y c l e d 
for process use into the plant c o o l i n g water system. This 
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Attn: MST3 Crowder December 21, 1981 

- 2 -

recycle scheme is continuing on an emergency basis. However, 
recycle is only a temporary treatment of a symptom and not a 
cure to the problem. Therefore, a survey to determine the 
source of the higher than normal organic loadings was initiated 
prior to the seepage into the canal. Other action taken to 
increase treatment efficiency during this period was reseeding 
of the biological unit with bacteria from a local area chemical 
company and the continued addition of mutant bacteria for the 
past two months. 

Due to a great many uncertanties at this time, we are unable to 
estimate when the storm water basin w i l l return to a normal level. 
Cleanup efforts are proceeding on the I&M Canal but the task 
is proving to be very d i f f i c u l t due to the fact that the canal 
is completely frozen over due to the low temperatures. We are 
also proceeding to remove o i l from the submerged sewer line 
from the north part of the refinery to the storm water basin. 

An engineering project is being initiated to evaluate action 
needed to prevent recurrence of this incident. 

Very truly yours, 

A. J. Eliskalns 

LDE:mln 

bcc: H. D. Haas 
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Union Oil Company of California 
Chicago Refinery, Lemont, Illinois 60429 
- ^ , 3 1 2 ) 2 5 7 - 7 7 6 1 ^ 

c: J.K. Bassett/J.E. Ganzmann/J.C. Wilkes 
H. D. Haas 

T. R. Thomas - Los Angeles § 5B^B^5|j^^ CERTIFIED MAIL #P 334 829 221 

C J 1 J a ^ p / l m RETURN RECEIPT REQUESTED 

A .J . Eiiskains 
Manage. Chicago fWinary December 20 , 19 82 

Attn: GM3 Eisenbraun 
USCG Marine Safety Office 
610 S. Canal Street 
Chicago, I l l i n o i s 60706 

r&M Canal O i l S p i l l 

Dear S i r : 

Due to record rains i n the month of November (6") the 
l e v e l in the storm water basin was higher than normal. 
On December 3, 1982, a t o t a l of 3.15 inches of r a i n 
f e l l over the Refinery. This quantity of water could 
not be contained i n the storm water basin and subsequently 
backed up the entire sewer system in the north part of 
the Refinery. O i l usually contained within the sewer 
system was apparently forced through cracks i n the sewer 
pipe and leaked into the I&M Canal. 

The level of the storm water basin is being reduced as-
radidly as possible. This i s being accomplished by 
charging wastewater to the waste treatment plant at i t s 
max imum rate without violating any effluent specifications. 
In order to also help to lower the basin l e v e l , untreated 
wastewater was recycled for use i n the Refinery cooling 
water system on an emergency basis. 

O i l i s being, removed from the I&M Canal and the sewer 
system. A l l o i l s p i l l e d into the canal has been contained 
by booms within the Refinery. We estimate that 1800 barrels 
of o i l have been removed from the canal. This o i l is of 
similar nature to gasoline without the l i g h t end portion. 

A project to investigate the actual cause of sewer leakage 
and method of repair is underway. 

Very t r u l y yours, 

A. J . E i i s k a i n s 

LDE:dlw 

cc: Mr. Jay T a t e l - IEPA Maywood 
C e r t i f i e d M a i l #P334 829 222 Page 5K 



Union Oil Company of California 
Chicago Refinery 
Lemont, Illinois 60439 
Telephone (312) 257-7761 

ENV 94-83 

CERTIFIED MAIL 

RETURN RECEIPT REQUESTED 

A. J . Eiiskains A p r i l 1 3 , 1 9 8 3 
Manager. Chicago Retmery 

U.S.C.G. M a r i n e S a f e t y O f f i c e 

ATTN: GM3 E i s e n b r a u n 

610 S o u t h C a n a l S t r e e t 

C h i c a g o , I l l i n o i s 60 706 

Dear S i r : 

ISM Canal O i l Seepage 

Between A p r i l 2, 1983, and A p r i l 3, 1983, a t o t a l o f 2.65 i n c h e s o f 

r a i n f e l l o v e r t h e R e f i n e r y . T h i s q u a n t i t y o f w a t e r was c o n t a i n e d i n 

th e s t o r m w a t e r b a s i n but t h e e n t i r e sewer s y s t e m i n t h e n o r t h p a r t o f 

the R e f i n e r y was submerged, due to the h i g h s t o r m w a t e r b a s i n l e v e l . 

O i l i s t h o u g h t t o have a c c u m u l a t e d , by a means n o t y e t known, i n t h e 

t r e n c h c o n t a i n i n g t h e sewer system. P r e s s u r e c a u s e d by the h i g h s t o r m 

w a t e r b a s i n l e v e l a p p e a r s t o f o r c e the o i l t h r o u g h e x i s t i n g f i s s u r e s 

w h i c h end i n t h e I&M C a n a l . 

The l e v e l o f the s t o r m w a t e r b a s i n i s b e i n g r e d u c e d as r a p i d l y as 

p o s s i b l e . T h i s i s b e i n g a c c o m p l i s h e d by c h a r g i n g w a s t e w a t e r t o t h e 

Waste Tr e a t m e n t P l a n t a t i t s maximum r a t e w i t h o u t v i o l a t i n g any e f f l u e n t 

s p e c i f i c a t i o n s . In o r d e r t o h e l p l o w e r t h e b a s i n l e v e l , u n t r e a t e d w a s t e 

w a t e r i s b e i n g r e c y c l e d f o r use i n the R e f i n e r y c o o l i n g w a t e r s y s t e m on 

an emergency b a s i s . 

O i l i s b e i n g removed f r o m t h e ISM Canal and the sewer s y s t e m . A l l o i l 

w h i c h seeped i n t o t h e c a n a l has been c o n t a i n e d by booms w i t h i n t h e R e f i n e r y . 

We e s t i m a t e t h a t kS b a r r e l s o f o i l have been removed f r o m t h e c a n a l . 

The i n v e s t i g a t i o n i s c o n t i n u i n g i n o r d e r t o d e t e r m i n e t h e a c t u a l mechanism 

o f o i l seepage i n t h e I&M C a n a l . 

V e r y t r u l y y o u r s , 

A. J . E l i s k a 1ns 

LDErdlw Page 5L 



U n i o n 76 D i v i s i o n : h a s t e r n H e g i o n 

Union Oil Company of California 
Chicago Refinery 
Lemont, Illinois 60439 £ NV 109-83 
Telephone (312) 257-7761 

unien CERTIFIED MAIL RETURN RECEIPT REQUESTED 

A p r i l 28, 1983 

U.S.C.G. Marine Safety Office 
ATTN: MST3 Boltersdorf 
610 South Canal Street 
Chicago, I l l i n o i s 60706 

Dear S i r : 

Statement on Xylene S p i l l to 
I&M Canal on A p r i l 21, 1983 

On Thursday, A p r i l 21, 1983, at 1145"hours, a s p i l l of xylene occurred 
into the I&M Canal. The appropriate Refinery departments and governmental 
agencies were n o t i f i e d of the incident. 

Union O i l was attempting to put the xylene l i n e i nto service from the Tank 
Farm to the Barge Loading Dock which i s located on the Chicago Sanitary 
and Ship Canal. This l i n e was removed from service to relocate a section 
of the l i n e onto a d i f f e r e n t s e c t i o n of pipe supports. As t h i s l i n e was 
being charged with xylene, product was observed leaking out of a s p l i t 
i n the bottom of the l i n e as i t j u s t s t a r t s to cross over the I&M Canal. 
The pump was shut down and w i t h i n a short period of time, the flow of 
xylene into the canal stopped. The in v e s t i g a t i o n i s continuing i n order 
to determine the mechanism f o r f a i l u r e of the l i n e . 

The xylene was contained by booms and cleanup started using Refinery 
vacuum trucks. We estimate that we have recovered 50 barrels of product 
from the canal. 

Very t r u l y yours, 

A. J . E i i s k a i n s 

LDE:dlw 

c c : J . A. Pate l - IEPA-Maywood, I l l i n o i s 
C e r t i f i e d Mail-Return Receipt Requested Page 5M 
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uni€>n 
ENV 173-83 

Chicago Refinery 
J u l y 13, 1983 

H. D. Haas 

I&M Canal O i l Seepage 

Between J u l y 1, 1983 and J u l y 4, 1983, a t o t a l of 4.4 
inches o f r a i n f e l l over the Refinery. This quantity of 
water could not be contained i n the storm water basin 
and subsequently backed up the e n t i r e sewer system i n 
the north part of the Refinery. O i l i s thought to have 
accumulated, by a means not yet known, i n the trench 
containing the sewer system. Pressure caused by the 
high storm water basin l e v e l appears to fo r c e the o i l 
through e x i s t i n g f i s s u r e s which end i n the I&M Canal. 

The l e v e l of the storm water basin i s being reduced as 
r a p i d l y as po s s i b l e . This i s being accomplished by 
charging wastewater to the Waste Treatment Plant at i t s 
maximum rate without v i o l a t i n g any e f f l u e n t s p e c i f i c a t i o n s . 
In order to help lower the basin l e v e l , untreated waste
water i s being r e c y c l e d f o r use i n the Refinery cooling 
water and u t i l i t y water systems on an emergency basis. 

O i l i s being removed from the I&M Canal and the sewer 
system. A l l o i l which seeped i n t o the canal has been 
contained by booms with i n the Refinery. We estimate 
that 100 ba r r e l s of o i l have been removed from the canal. 

The i n v e s t i g a t i o n i s continuing i n order to determine the 
actual mechanism of o i l seepage i n the I&M Canal. 

4. jcr 
L. D. E r c h u l l 

LDE:dlw 

1-OC02 i1-73) 
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Union 76 Division: Eastern Region 

Union Oil Company of California 
Chicago Refinery E N V 2 1 - 8 4 
Lemont, Illinois 60439 
Telephone (312) 257-7761 

unmn CERTIFIED MAIL 

RETURN RECEIPT REQUESTED 

#P 3 3 4 827 5 4 5 

A. J. Eiiskains J a n u a r y 2 6 , 1 9 8 4 
Manager. Chicago flefinery 

U.S.C.G. M a r i n e S a f e t y O f f i c e 

ATTN: Mr. Evans 

6 1 0 S o u t h C a n a l S t r e e t 

C h i c a g o , I l l i n o i s 6 0 7 0 6 

Dear S i r : 

I&M C a n a l O i l D i s c h a r g e 

On J a n u a r y 13, 1984, a t 0900, h y d r o c a r b o n was d i s c o v e r e d i n t h e 

I&M C a n a l . The a p p r o p r i a t e R e f i n e r y d e p a r t m e n t s and g o v e r n m e n t a l 

a g e n c i e s were n o t i f i e d o f t h e i n c i d e n t . , 

The c a u s e o f t h e l e a k has n o t y e t been d e t e r m i n e d , b u t we s u s p e c t 

t h e r e may be a p r o b l e m i n o u r Tank Farm sewer s y s t e m . T h i s i s b e i n g 

i n v e s t i g a t e d . 

A c o n t a i n m e n t boom was p l a c e d i n t h e a r e a o f t h e d i s c h a r g e i n t h e 

c a n a l and f o r back up p u r p o s e s , we a l s o p l a c e d a boom down s t r e a m . 

A l l o f t h e s u r f a c e o i l has been removed e x c e p t f o r the o i l under 

the i c e . When th e w e a t h e r p e r m i t s t h i s o i l w i l l be removed. 

S i n e e r e 1y, 

A. J . E l i s k a Ins 

^/ARGi11:dlw 

bec: J K B a s s e t t / J S N o r e i k o 
TRThomas/WWCr im 
H. D. Haas 

Paee 50 



U n i o n 76 D i v i s i o n , t a s i e m r-ieoion 

U n i o n G i l C c m o a n y ul C a i . t c r n i a 

C h.c3QcRei . n e r v E N V 

L s m o n i . Illinois 6 0M3 9 
T e l e p h o n e .312) 257-7761 

I3T3]©I) certif,edhail 

RETURN RECEIPT REQUESTED 

ffP 331* 827 561 

J E i i s k a i n s . March 7, 1984 

U.S.C.G. M a r i n e S a f e t y O f f i c e 

A t t n : P. 0. Evans 

610 S o u t h Canal S t r e e t 

C h i c a g o , I l l i n o i s 60706 

Dear S i r : 

I&M C a n a l O i l Seepage 

On March 2, 1984, o i l s e e p a g e was o b s e r v e d u n d e r t h e i c e i n t h e I&M 

C a n a l . The a p p r o p r i a t e r e g u l a t o r y a g e n c i e s were n o t i f i e d o f t h e 

i n c i d e n t . 

The mechanism f o r t h e s e e p a g e a t t h i s t i m e i s n o t known. N o r m a l l y , a 

h i g h s t o r m w a t e r b a s i n l e v e l w i l l c a u s e t h e sewer s y s t e m i n t h i s a r e a 

of the R e f i n e r y to be submerged. T h i s i n t u r n w o u l d c a u s e o i l t o be 

f o r c e d t h r o u g h f i s s u r e s i n t o the I&M C a n a l . At t h i s t i m e t h e s t o r m 

w a t e r b a s i n was n o t a t a h i g h l e v e l . The b a s i n was s t e a d i l y coming 

down fr o m t h e h i g h l e v e l o f F e b r u a r y 14, 1984. 

O i l i s b e i n g removed f r o m t h e I&M Canal and the sewer s y s t e m . A l l o i l 

w h i c h s e e p e d i n t o t h e c a n a l has been c o n t a i n e d by booms w i t h i n t h e 

R e f i n e r y . We a r e n o t a b l e t o e s t i m a t e t h e volume o f o i l w i t h i n t h e 

c a n a l a t t h i s t i m e , a l t h o u g h i t was not s u b s t a n t i a l . 

V e r y t r u l y y o u r s , 

A . y E n s ka1ns 

v / L D E : d l w 

b c c : J K B a s s e t t / J S N o r e i ko 

TRThomas/WWCrim 

Page 5P 



ENV 89-84 
i n " ' 

q ^ T ^ l ^ V O C E R T I F I E D M A , !-

LJ J J J S W ' J J RETURN RECEIPT REQUESTED 

# P 0 8 8 7 2 0 1 8 3 

A p r i 1 3, 1984 

U.S.C.G. M a r i n e S a f e t y O f f i c e 

A t t n : MST 3 B o l t e r s d o r f 

6 1 0 S o u t h C a n a l S t r e e t 

C h i c a g o , I l l i n o i s 6 0 7 0 6 

Dear S i r : 

I&M C a n a l O i l Seepage 

Between M a r c h 1 5 , 1 9 8 4 , and Marc h 2 1 , 1 9 8 4 , a t o t a l o f 3 - 0 8 i n c h e s o f 

r a i n f e l l o v e r t h e R e f i n e r y . T h i s q u a n t i t y o f w a t e r was c o n t a i n e d i n 

t h e s t o r m w a t e r b a s i n b u t t h e e n t i r e s e w e r s y s t e m i n t h e n o r t h p a r t o f 

t h e R e f i n e r y was submerged due t o t h e h i g h s t o r m w a t e r b a s i n l e v e l . 

O i l i s t h o u g h t t o have a c c u m u l a t e d i n t h e t r e n c h c o n t a i n i n g t h e se w e r 

s y s t e m . P r e s s u r e c a u s e d by t h e h i g h s t o r m w a t e r b a s i n l e v e l a p p e a r s 

t o f o r c e t h e o i l t h r o u g h e x i s t i n g f i s s u r e s w h i c h end i n t h e I&M C a n a l . 

The l e v e l o f t h e s t o r m w a t e r b a s i n i s b e i n g r e d u c e d as r a p i d l y as 

p o s s i b l e . T h i s i s b e i n g a c c o m p l i s h e d by c h a r g i n g w a s t e w a t e r t o t h e 

W a s t e w a t e r T r e a t m e n t P l a n t a t i t s maximum r a t e w i t h o u t v i o l a t i n g any 

e f f l u e n t s p e c i f i c a t i o n s . In o r d e r t o h e l p l o w e r t h e b a s i n ' l e v e l , 

u n t r e a t e d w a s t e w a t e r i s b e i n g r e c y c l e d f o r use i n t h e R e f i n e r y c o o l i n g 

w a t e r and u t i l i t y w a t e r s y s t e m s on an emergency b a s i s . 

O i l i s b e i n g removed f r o m t h e I&M C a n a l and t h e sewer s y s t e m . A l l o i l 

w h i c h s e e p e d i n t o t h e c a n a l has been c o n t a i n e d by booms w i t h i n t h e 

R e f i n e r y . - We a r e n o t a b l e t o e s t i m a t e t h e volume o f o i l w i t h i n t h e 

c a n a l a t t h i s t i m e , a l t h o u g h i t was n o t s u b s t a n t i a l . 

V e r y t r u l y y o u r s , 

A. J . E l i s k a 1ns 

IDE:dIw 

b c c : J . K. B a s s e t t 

D. W. B r u c k e r t 

W. W. C r i m 

P a g e 5Q 



112.7(b) POTENTIAL EQUIPMENT FAILURE 

1. N e a r e s t N a v i g a b l e Water: 

(1) C h i c a g o S a n i t a r y and S h i p C a n a l 
The r e f i n e r y has about 3>000 f e e t o f f r o n t a g e a l o n g t h e 
c a n a l . About-1,000 f e e t a r e us e d f o r o i l l o a d i n g and 
u n l o a d i n g f a c i l i t i e s . 

The n o n - t r a n s p o r t a t i o n r e l a t e d f a c i l i t y i s t h e d r a i n a g e 
sewer. I t c o l l e c t s a l l h y d r o c a r b o n s a c c i d e n t a l l y d i s 
c h a r g e d onto cement pads w h i c h s u r r o u n d each C h i c k s a n 
l o a d i n g f a c i l i t y . The sewer d r a i n s t o two s e p a r a t e 
c o l l e c t i o n sumps, one f o r t h e N o r t h l o a d i n g a r e a and 
a n o t h e r f o r t h e South l o a d i n g a r e a . These sumps, when 
f i l l e d t o c e r t a i n l e v e l , a r e pumped by l e v e l c o n t r o l 
a c t i v a t e d pumps t o t h e b a l l a s t w a t e r tahK which I n t u r n 
i s pumped t o #4 S e p a r a t o r . 

S i n c e t h e abandoned I&M C a n a l c h a n n e l l i e s between t h e 
n o n - t r a n s p o r t a t i o n p o r t i o n o f t h e r e f i n e r y f a c i l i t i e s 
and t h e C h i c a g o S a n i t a r y and S h i p C a n a l , i t i s j u d g e d 
t h a t no s p i l l from t h e s e f a c i l i t i e s o t h e r t h a n t h e 
above can e n t e r t h e S a n i t a r y and S h i p C a n a l . 

(2) I l l i n o i s and M i c h i g a n C a n a l 
The I&M C a n a l a d j o i n s one e n t i r e s i d e o f t h e r e f i n e r y 
p r o c e s s i n g and s t o r a g e a r e a s l y i n g between t h e r e f i n e r y 
and t h e S a n i t a r y and S h i p C a n a l f o r a d i s t a n c e o f about 
two m i l e s . T h i s i s a d r a i n a g e d i t c h f o r s t o r m w a t e r 
w i t h heavy f l o w d u r i n g f l o o d p e r i o d s and l i t t l e o r no 
f l o w d u r i n g dry p e r i o d s . 

2. P o s s i b l e S p i l l S o u r c e s : 

(1) C h i c a g o S a n i t a r y and S h i p C a n a l 
S o u r c e Type o f F a i l u r e 
Sewer C o l l e c t i o n Sumps O v e r f l o w caused by: 

1. M e c h a n i c a l f a i l u r e o f pump. 
2. F a i l u r e o f h i g h l e v e l w a r n i n g 

d e v i c e . 
3- F a i l u r e o f check v a l v e . 

(2) I l l i n o i s and M i c h i g a n C a n a l 
S o u r c e Type o f F a i l u r e Maximum Volume 
S t o r a g e t a n k s , p i p i n g M e c h a n i c a l , The R e f i n e r y 
p i p e l i n e s , sewers, l e a k s , r u p t u r e s , s t o r a g e c a p a c i t 
u n i t p r o c e s s equipment, s p i l l s , o v e r - i s about 7-5 
l o a d i n g r a c k s f l o w s m i l l i o n b a r r e l s 

H y d r o c a r b o n on 
hand a t any one 
ti m e i s about 
4 m i l l i o n b a r 
r e l s . 

R e v i s e d 1/14/83 Page 6 



112.7(c) SPILL CONTAINMENT FACILITIES 

Secondary containment and d i v e r s i o n a r y structures are used f o r 
pos s i b l e s p i l l sources: 

Source 

Tanks 

Loading Racks 
Pi p e l i n e s 

Towers & 
Vessels 
O i l & Water 
Separators 

Type of Containment or Diversionary Structure 

Dikes and dike drains ( c o n t r o l l e d ) to storm water 
basin. 
Curbing, g u t t e r s , drains to storm water basin. 
Curbing., gu t t e r s , r e t a i n i n g w a l l s , drains to storm 
water b a s i n . 
Curbing, g u t t e r s , r e t a i n i n g walls, drains to storm 
water b a s i n . 
Curbing, g u t t e r s , drains to storm water basin. 

F l o a t i n g booms, sorbent materials and mobile pumping equipment are 
a v a i l a b l e and used f o r containing or c o l l e c t i n g o i l . 

The Refinery has a very elaborate system f o r preventing o i l g e t t i n g 
onto water which then i s very d i f f i c u l t to clean-up. The Refinery 
has a slop o i l system to recover and reprocess any hydrocarbon 
which doesn't meet product s p e c i f i c a t i o n s . 

The Refinery also has three separate plant wide sewer systems: 

1. The s a n i t a r y waste i s c o l l e c t e d and sent to the waste t r e a t 
ment u n i t f o r clean-up. (See drawings 2987-152-CE-5 and 
2987-152-CE-6) (Attachments 1 & 2). 

2. The o i l y contaminated waste water i s c o l l e c t e d i n the process 
water system and the o i l i s removed by an API separator. The 
o i l - f r e e water i s then charged to the storm water basin. (See 
drawings 2 9 8 7 - 1 5 2 - C E - l l and 2987-152-CE-12) (Attachments 3 & 4 ) . 

3. The Refinery's storm water which could be acc i d e n t l y contaminated 
i s discharged to the storm water basin f o r surge c o n t r o l . Pumps 
send the water to the waste treatment plant f o r treatment. (See 
drawings 2 9 8 7 - 1 5 2 - C E - l l and 2987-152-CE-12) (Attachments 3 & 4) . 

4. Numerous process u n i t s have separate sewer systems which allow -
contaminants to be reconverted or n e u t r a l i z e d before they enter 
the storm pond. 

The storm water basin was designed to contain runoff based on a t o t a l 
p r e c i p i t a t i o n of 4 inches for a 24-hour period. The storm water 
basin i s div i d e d i n t o two parts connected by submerged l i n e s . O i l 
captured i n the storm water basin i s retained i n the east basin. 
E s s e n t i a l l y o i l - f r e e water enters the west basin. 

Waste w a t e r f r o m t h e west b a s i n i s pumped t o waste w a t e r t r e a t m e n t 
u n i t f o r t r e a t m e n t and t o the w a t e r t r e a t m e n t u n i t f o r r e u s e . 
E f f l u e n t f r o m t h e wa s t e w a t e r t r e a t m e n t u n i t f l o w s t o t h e t r e a t e d 
w a t e r b a s i n and t h e n i s pumped on l e v e l c o n t r o l t o S a n i t a r y -and S h i p 
C a n a l . (See A t t a c h m e n t 5). 

R e v i s e d 1/14/83 Page 7 



112.7(c) SPILL CONTAINMENT FACILITIES (Cont.) 

I f the sto r m w a t e r r u n - o f f exceeds the sum o f t h e s t o r m b a s i n 
c a p a c i t y , t h e t r e a t m e n t p l a n t c a p a c i t y and t h e water r e u s e 
c a p a c i t y , t h e west p r o t i o n o f t h e s t o r m w a t e r b a s i n may o v e r f l o w 
o i l - f r e e w a t e r i n t o t h e I&M C a n a l . Flow o f t h e sto r m water t o 
t h e waste t r e a t m e n t i s h a n d l e d by two pumps., 44GM-405 and 44GM-414. 

R e v i s e d 1/14/83 Page 8 



112.7(d) PRACTICALITY 

Ch i c a g o R e f i n e r y has the n e c e s s a r y s t r u c t u r e s and equipment l i s t e d 
i n 112.7(c) to p r e v e n t d i s c h a r g e d o i l from r e a c h i n g n a v i g a b l e 
w a t e r . I n a d d i t i o n t o t h i s , Chicago R e f i n e r y has a s t r o n g R e f i n e r y 
" O i l S p i l l Emergency P l a n " o u t l i n i n g p r o c e d u r e s , c o n t a i n m e n t e q u i p 
ment, c l e a n - u p equipment, and o i l s p i l l m u t u a l a i d i n f o r m a t i o n 
and i s a t t a c h e d as p a r t o f t h i s SPCC P l a n . The attachment i s p a r t 
o f the Chicago R e f i n e r y C a n a l Dock O p e r a t i o n s Manual p r e p a r e d i n 
a c c o r d a n c e w i t h T i t l e 33 CFR, P a r t 154.300. 
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1 1 2 . 7 ( e ) ( 1 ) FACILITY DRAINAGE 

1 1 2 . 7 ( e ) ( l ) ( i ) 

D r a i n a g e from d i k e d s t o r a g e a r e a s i s r e s t r a i n e d by g a t e v a l v e s . 
These v a l v e s a re n o r m a l l y i n t h e c l o s e d p o s i t i o n . A f t e r p r e 
c i p i t a t i o n has f a l l e n i n t o a d i k e d s t o r a g e a r e a , an o p e r a t o r w i l l 
d r a i n t h e w a t e r e i t h e r i n t o t h e p r o c e s s w a t e r system f o r o i l 
r e m o v a l o r t o t h e s t o r m w a t e r b a s i n when he has r e c e i v e d p e r 
m i s s i o n . T h i s a l l o w s t h e waste t r e a t m e n t department t o c o n t r o l 
the f l o w o f w a t e r t o the t r e a t i n g f a c i l i t i e s and not o v e r l o a d 
the f a c i l i t i e s . 

1 1 2 . 7 ( e ) ( l ) ( i i ) 

F l a p p e r - t y p e d r a i n v a l v e s a r e not u s e d i n d i k e d s t o r a g e a r e a s . 

1 1 2 . 7 ( e ) ( l ) ( i i i ) 

The d r a i n a g e s y s t e m from a l l u n d i k e d a r e a s i n the R e f i n e r y 
w h i c h c o u l d be c o n t a m i n a t e d w i t h o i l , f l o w s t o t h e s t o r m w a t e r 
b a s i n f o r c o n t a i n m e n t . O i l i s p e r i o d i c a l l y removed f r o m t h i s 
b a s i n by vacuum equipment and r e p r o c e s s e d . T h i s w a t e r i s t h e n 
c h a r g e d t o t h e waste t r e a t m e n t u n i t . f o r t r e a t m e n t and d i s c h a r g e 
i n t o t h e S a n i t a r y and S h i p C a n a l as on s p e c i f i c a t i o n e f f l u e n t . 

1 1 2 . 7 ( e ) ( l ) ( i v ) 

Not A p p l i c a b l e . 

1 1 2 . 7 ( e ) ( 1 ) ( v ) 

D r a i n a g e w a t e r goes by n a t u r a l h y d r a u l i c f l o w t o t h e s t o r m 
w a t e r b a s i n . P r o c e s s w a t e r e i t h e r goes by n a t u r a l h y d r a u l i c 
f l o w o r by l i f t s t a t i o n pumps t o an o i l - w a t e r s e p a r a t o r . Each 
l i f t s t a t i o n i s e q u i p p e d w i t h two pumps w i t h a p p r o p r i a t e con
t r o l s f o r a u t o m a t i c o p e r a t i o n on l e v e l c o n t r o l . I n t h e ev e n t 
o f any equipment f a i l u r e , a l l w a t e r w o u l d make i t s way i n t o 
t h e s t o r m w a t e r b a s i n ; t h e r e b y p r e v e n t i n g d i s c h a r g e o f o i l 
i n t o n a v i g a b l e w a t e r s . 

See U n i o n O i l Company D r a i n a g e Maps B-7357-23. ( A t t a c h m e n t s 6 & 7 
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1 1 2 . 7 ( e ) ( 2 ) BULK STORAGE TANKS 

1 1 2 . 7 ( e ) ( 2 ) ( 1 ) 

A l l t a n k s used f o r s t o r a g e a r e c o m p a t i b l e w i t h the m a t e r i a l 
s t o r e d and c o n d i t i o n s o f s t o r a g e such as p r e s s u r e , t e m p e r a t u r e 
and c o r r o s i v i t y . Tanks a r e c o n s t r u c t e d a c c o r d i n g t o API s p e c i 
f i c a t i o n s . 

112.7(e)(2)(H) 

The volume o f t a n k d i k e d a r e a s i s g r e a t e r t h a n t h e l a r g e s t 
s i n g l e t a n k c a p a c i t y p l u s an a l l o w a n c e f o r p r e c i p i t a t i o n . 
D i k e d a r e a s a re s u f f i c i e n t l y i m p e r v i o u s t o c o n t a i n s p i l l e d o i l 
due t o b e i n g c o n s t r u c t e d o f c l a y . 

1 1 2 . 7 ( e ) ( 2 ) ( i i i ) 

D r a i n a g e o f p r e c i p i t a t i o n f r om d i k e d a r e a s i n t o an open w a t e r 
c o u r s e , b y p a s s i n g i n - p l a n t t r e a t m e n t i s not p o s s i b l e . 

1 1 2 . 7 ( e ) ( 2 ) ( i v ) 

The R e f i n e r y has two b u r i e d m e t a l l i c s t o r a g e t a n k s w h i c h a r e 
used t o s t o r e g a s o l i n e and f u e l o i l f o r use i n f u e l i n g t h e 
v e h i c l e s u s e d i n the R e f i n e r y . These t a n k s were c o a t e d and 
wrapped t o p r e v e n t c o r r o s i o n . A d a i l y c o m p a r i s o n o f t a n k gauge 
v e r s e s f u e l i n g r e c e i p t s i s us e d t o i n d i c a t e whether t h e s e t a n k s 
are l e a k i n g . Even i f t h e s e t a n k s were t o l e a k , t h e p r o d u c t 
would u l t i m a t e l y t r a v e l t o our s t o r m w a t e r b a s i n and not e n t e r 
a n a v i g a b l e w a t e r c o u r s e . 

1 1 2 . 7 ( e ) ( 2 ) ( v ) 

The R e f i n e r y has no p a r t i a l l y b u r i e d m e t a l l i c s t o r a g e t a n k s . 

1 1 2 . 7 ( e ) ( 2 ) ( v i ) 

Aboveground s t o r a g e t a n k s a r e p e r i o d i c a l l y t e s t e d by- the f o l 
l o w i n g methods: 

1. H y d r o s t a t i c t e s t i n g 
2. V i s u a l i n s p e c t i o n 
3. S h e l l t h i c k n e s s t e s t i n g 

Comparison r e c o r d s o f s h e l l t h i c k n e s s r e d u c t i o n a re 
m a i n t a i n e d . 

The o u t s i d e o f the t a n k i s o b s e r v e d f r e q u e n t l y f o r s i g n s o f 
d e t e r i o r a t i o n and l e a k s , by o p e r a t i n g p e r s o n n e l , w h i c h might 
cause a s p i l l o r a c c u m u l a t i o n o f o i l i n s i d e d i k e d a r e a s . 
T h i s t e s t i n g i s c o n d u c t e d by o u r C o r r o s i o n and F o u l i n g C o n t r o l 
Group, w h i c h i s headed by a s t a t e r e g i s t e r e d v e s s e l i n s p e c t o r . 
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112.7(e)(2) BULK STORAGE TANKS (Cont.) 

112.7(e)(2)(vii) 

The steam return or exhaust l i n e s from i n t e r n a l heating c o i l s 
discharges i n t o an area which u l t i m a t e l y drains to the storm 
water basin. There i s no p o t e n t i a l to discharge Into an open 
water course. 

1 1 2 . 7 ( e ) ( 2 ) ( v i i i ) 

A l l bulk storage tanks are e x t e r n a l l y inspected ( i n c l u d i n g seams, 
r i v e t s , b o l t s , gaskets, nozzle connections, valves, connected 
p i p e l i n e s and tank foundation and/or supports) f o r leaks and 
f a i l u r e s . 

Tanks are engineered to avoid s p i l l s by the following: 

1. High l i q u i d l e v e l alarms with an audible and v i s u a l s i g n a l 
at a constantly manned s t a t i o n . 

2. D i r e c t radio communication between the tank gauger and 
pumping s t a t i o n . 

3. Past means of determining the l i q u i d l e v e l i n tanks. 
Levels are monitored by computer. 

4. L i q u i d l e v e l sensing devices are inspected and t e s t e d 
on a scheduled, p e r i o d i c b a s i s . 

112.7(e)(2)(ix) 

E f f l u e n t from the waste treatment plant flows to the tre a t e d 
water basin. Water i s pumped from t h i s basin to the Sanitary 
and Ship Canal as e f f l u e n t . There i s l i t t l e p o t e n t i a l to become 
contaminated with o i l so the problem of o i l appearing i n the 
e f f l u e n t i s not s i g n i f i c a n t . The only other e f f l u e n t from the 
property i s the emergency storm water pond overflow discussed 
i n Section 112.7(c) above. This i s o i l - f r e e and i s sampled 
when i t overflows. 

112.7(e)(2)(x) 

Large v i s i b l e o i l leaks In diked areas are promptly corrected.' 

112.7(e)(2)(xi) 

Mobile or portable o i l storage tanks are positioned so as to 
prevent s p i l l e d o i l from reaching navigable waters. Any leak
age or s p i l l a g e w i l l e i t h e r be contained i n a diked-area or 
would flow to the storm water basin where the o i l w i l l be removed 
and reprocessed. 
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112.7(e)(3) FACILITY TRANSFER OPERATIONS 

112.7(e)(3)(D 

Buried p i p e l i n e s are wrapped and coated to reduce co r r o s i o n . 
When a pipe section i s exposed, i t i s inspected and c o r r e c t i v e 
a c t i o n taken as necessary. 

Refinery o i l l i n e s i n s t a l l e d since 1968 are aboveground. 
There are few remaining underground o i l l i n e s i n the r e f i n e r y . 
These are being put aboveground wherever po s s i b l e . 

112.7(e)(3)(ii) 

P i p e l i n e terminal connections are capped or blank-flanged and 
marked i f the p i p e l i n e i s not i n service or on standby s e r v i c e 
f o r long periods. 

1 1 2 . 7 ( e ) ( 3 ) ( i i i ) 

Pipe supports are designed to minimize abrasion and corrosion 
and allow f o r expansion and contract i o n . . 

112.7(e)(3)(iv) 

A l l aboveground valves and p i p e l i n e s are observed by operating 
personnel on a routine p e r i o d i c basis ( i n c l u d i n g flange j o i n t s , 
valve glands and bodies, catch pans, p i p e l i n e supports, l o c k i n g 
of valves and metal surfaces). 

112.7(e)(3)(v) 

C r i t i c a l or p a r t i c u l a r l y vulnerable areas are barricaded to 
prevent vehicles from damaging aboveground piping. 
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1 1 2 . 7 ( e ) ( 4 ) FACILITY TANK CAR AND TANK TRUCK LOADING/UNLOADING RACK 

1 1 2 . 7 ( e ) ( 4 ) ( i ) 

Tank car and tank truck loading/unloading procedures meet the 
minimum requirements and regulations established by the Depart
ment of Transportation. 

1 1 2 . 7 ( e ) ( 4 ) ( H ) 

The loading/unloading racks drainage i s designed to go to the 

process sewer system or the storm water pond. 

1 1 2 . 7 ( e ) ( 4 ) ( i i i ) 

A p h y s i c a l b a r r i e r system and warning signs are provided i n the 
tank car loading/unloading areas to prevent vehicular departure 
before disconnect of t r a n s f e r l i n e s . 

At the solvents truck rack i t i s the r e s p o n s i b i l i t y of the 
loader to remove the overhead loading l i n e s from the compart
ments of the truck p r i o r to departure. 

At the gasoline loading rack there exists a brake i n t e r l o c k 
system. As long as the loading l i n e s are connected to the 
truck, the truck brakes are automatically engaged. When the 

"' l i n e s are removed, the brake i n t e r l o c k system i s also discon
nected . 

1 1 2 . 7 ( e ) ( 4 ) ( i v ) 

Drains and outlets on tank trucks and tank cars are checked f o r 
leakage before loading, unloading and departure. 
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1 1 2 . 7 ( e ) ( 8 ) INSPECTIONS AND RECORDS 

The r e q u i r e d I n s p e c t i o n s f o l l o w w r i t t e n p r o c e d u r e s . 

I n s p e c t i o n r e c o r d s f o r 1 1 2 . 7 ( e ) ( 3 ) ( i ) and an annual r e p o r t f o r 
1 1 2 . 7 ( e ) ( 2 ) ( v i ) and 1 1 2 . 7 ( e ) ( 2 ) ( v i i i ) a r e kept i n r e f i n e r y f i l e s . 
O t h er r o u t i n e v i s u a l i n s p e c t i o n s a r e not r e c o r d e d e xcept where 
d e f i c i e n c i e s a r e n o t e d . 
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1 1 2 . 7 ( e ) ( 9 ) SECURITY 

1 1 2 . 7 ( e ) ( 9 ) ( i ) 

C h i c a g o R e f i n e r y i s f e n c e d e x c e p t f o r f r o n t a g e s a l o n g the c a n a l s . 
A l l u n a t t e n d e d gates a re l o c k e d . The two main g a t e s a r e s t a f f e d 
by guards 24 hours p e r day, 7 days p e r week. 

1 1 2 . 7 ( e ) ( 9 ) ( H ) 

The R e f i n e r y c o m p l i e s because i t o p e r a t e s on a c o n t i n u o u s b a s i s , 
24 hours p e r day, 7 days p e r week, and not on a n o n - o p e r a t i n g 
o r non-standby s t a t u s . 

1 1 2 . 7 ( e ) ( 9 ) ( H i ) 

The R e f i n e r y c o m p l i e s because i t o p e r a t e s on a c o n t i n u o u s b a s i s , 
24 hours p e r day, 7 days p e r week, and not on a n o n - o p e r a t i n g 
o r non-standby s t a t u s . 

1 1 2 . 7 ( e ) ( 9 ) ( i v ) 

The l o a d i n g / u n l o a d i n g c o n n e c t i o n s o f o i l l i n e s are capped o r 
b l a n k - f l a n g e d at a l l t i m e s when not i n s e r v i c e . 

1 1 2 . 7 ( e ) ( 9 ) ( v ) 

Adequate l i g h t i n g i s p r o v i d e d f o r n i g h t o p e r a t i o n and s e c u r i t y . 
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1 1 2 . 7 ( e ) ( 1 0 ) PERSONNEL, TRAINING AND SPILL PREVENTION PROCEDURES 

. 1 1 2 . 7 ( e ) ( 1 0 ) ( i ) 

The R e f i n e r y c o m p l i e s as t o i n s t r u c t i n g I t s p e r s o n n e l on t h e 
o p e r a t i n g and maintenance o f equipment t o p r e v e n t d i s c h a r g e s . 
o f o i l and a p p l i c a b l e p o l l u t i o n c o n t r o l l a w s , r u l e s and r e g u l a 
t i o n s . 

1 1 2 . 7 ( e ) ( 1 0 ) ( i i ) 

The d e s i g n a t e d p e r s o n who i s a c c o u n t a b l e f o r o i l s p i l l p r e v e n 
t i o n and who r e p o r t s t o l i n e management i s t h e S u p e r v i s o r o f 
E n v i r o n m e n t a l S e r v i c e s , who p r e s e n t l y , i s H. D. Haas. 

1 1 2 . 7 ( e ) ( 1 0 ) ( i i i ) 

S p i l l p r e v e n t i o n b r i e f i n g s f o r t h e o p e r a t i n g p e r s o n n e l a r e con
d u c t e d on a p e r i o d i c b a s i s . 
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112.4-.5 SPILL EVENT REPORT AND PLAN AMENDMENTS 

A. The r e g u l a t i o n s r e q u i r e a f a c i l i t y w h i c h d i s c h a r g e s i n t o n a v i 
g a b l e waters more t h a n 1,000 g a l l o n s o f o i l I n a s i n g l e event 
or h a r m f u l q u a n t i t i e s o f o i l i n two e v e n t s i n a 12-month p e r i o d 
to f i l e a s p i l l e vent r e p o r t w i t h the U.S. EPA R e g i o n a l Ad
m i n i s t r a t o r w i t h i n 60 days, g i v i n g the f o l l o w i n g i n f o r m a t i o n : 

1. Name o f the f a c i l i t y . 
2. Name o f t h e owner o r o p e r a t o r o f t h e f a c i l i t y . 
3. L o c a t i o n o f the f a c i l i t y . 
4. Date and y e a r o f i n i t i a l f a c i l i t y o p e r a t i o n . 
5. Maximum s t o r a g e or h a n d l i n g c a p a c i t y o f t h e f a c i l i t y 

and normal d a i l y t h r o u g h p u t . 
6. D e s c r i p t i o n o f the f a c i l i t y i n c l u d i n g maps, f l o w d i a 

grams, and t o p o g r a p h i c a l maps. 
7. A complete copy o f t h e SPCC P l a n w i t h any amendments. 
8. The c a u s e ( s ) o f such s p i l l , i n c l u d i n g a f a i l u r e a n a l y 

s i s o f system o r subsystem i n w h i c h f a i l u r e o c c u r r e d . 
9= The c o r r e c t i v e a c t i o n s and/or co u n t e r m e a s u r e s t a k e n , 

i n c l u d i n g an adequate d e s c r i p t i o n o f equipment r e p a i r s 
and/or r e p l a c e m e n t . 

10. A d d i t i o n a l p r e v e n t i v e measures t a k e n or c o n t e m p l a t e d 
t o m i n i m i z e t h e p o s s i b i l i t y o f r e c u r r e n c e . 

11. Such o t h e r i n f o r m a t i o n as t h e R e g i o n a l A d m i n i s t r a t o r 
may r e a s o n a b l y r e q u i r e p e r t i n e n t t o t h e P l a n o r s p i l l 
event. 

B. A f t e r r e v i e w o f t h e s p i l l e v e nt r e p o r t , t h e R e g i o n a l A d m i n i s 
t r a t o r may amend t h e SPCC P l a n . 

C. Owners s h a l l amend the SPCC P l a n whenever t h e r e i s . a change 
i n t h e f a c i l i t y d e s i g n , c o n s t r u c t i o n , o p e r a t i o n , , o r m a i n t e 
nance which m a t e r i a l l y a f f e c t s the f a c i l i t y ' s p o t e n t i a l f o r 
the d i s c h a r g e o f o i l i n t o n a v i g a b l e w a t e r s . 

D. The P l a n must be r e v i e w e d e v e r y t h r e e y e a r s and amended i f 
new f i e l d - p r o v e n t e c h n o l o g y w i l l s i g n i f i c a n t l y r e d uce the 
l i k e l i h o o d o f a s p i l l event from t h e f a c i l i t y . 

E. No amendment t o an SPCC P l a n s h a l l be e f f e c t i v e u n l e s s i t has 
been c e r t i f i e d by a P r o f e s s i o n a l E n g i n e e r . 
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SPILL EVENT REPORT 1 

From seepages of December 15, 1981, and December 3, 1982, into the 
I&M Canal. 

F a c i l i t y - Union O i l Company of C a l i f o r n i a - Chicago Refinery 

F a c i l i t y Owner/Operator - Union O i l Company of C a l i f o r n i a -
Chicago Refinery 

F a c i l i t y Location - 135th Street, and New Avenue 
Lemont, I l l i n o i s 60439 

The new part of Chicago Refinery became operational i n 1970 and 
older portions o f the f a c i l i t y date from- the previous r e f i n e r y 
which has operated at t h i s location since the 1930's. 

The- present refinery has storage capacity of about 7.5 m i l l i o n 
barrels (315 m i l l i o n gallons).. Hydrocarbon on hand at any time 
is. about 4 m i l l i o n barrels (168' m i l l i o n gallons)-. Normal average 
da i l y throughput f o r 1982 was approximately 100,000 barrels per 
day. 

The Chicago Refinery i s a f u l l y integrated r e f i n e r y which processes 
crude o i l and other miscellaneous, feedstocks, into gasoline, d i e s e l 
f u e l , turbine f u e l , aromatic solvents, a l i p h a t i c solvents, coke 
and sulfur. The. Refinery i s located on an 860 acre t r a c t of land 
i n W i l l County between the v i l l a g e s o f Lemont and Romeoville. The 
Refinery is bounded on the south by 135th Street, on the west by 
the I&M and Sanitary and Ship Canal. The Refinery tankage i s 
located on both sides of 127th Street, west of Smith Road. See 
the Refinery Plot Plan and the U.S.G.S. Topographic Map f o r locations 
of the f a c i l i t y r e l a t i n g to surrounding areas. (Attachments 8 & 9) . 

The seepage from December 15, 1981, contaminated the I&M Canal i n 
Area 1 shown on the Chicago Refinery Plot Plan located 1000 - 1300 
feet SW of #4 Separator. The seepage from December 3, 1982, contami
nated the I&M Canal i n Areas 2 and 3 shown on the Chicago Refinery 
Plot Plan located 600 - 1000 feet SW o f #4 Separator and 150 feet 
NE of #4 Separator. See Attachment 8. 

O i l i s removed from North Plant process water i n #4 Separator which 
discharges into the North Plant storm sewer. The combined waters 
then flow to the storm water basin located approximately 3300 feet 
SW of the separator. 

At this time we are s t i l l not sure of the exact mechanism by which 
o i l finds i t s way onto the I&M Canal i n Areas 1 and 2. O i l may be 
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f o r c e d out of the sewers at an opening by the high water l e v e l s and 
c o l l e c t s i n the trench holding the "Big Inch" sewer. O i l a l s o may 
be entering the sewer trench somewhere upstream and flowing i n t o t h i s 
area. High groundwater l e v e l i s then causing the o i l to migrate 
through f i s s u r e s i n the rock onto the Canal. 

High water l e v e l s i n the storm water b a s i n would submerge the upstream 
"Big Inch" sewer l i n e . On December 15, 1981, the high storm water 
b a s i n l e v e l was caused by problems i n the Waste Water Treatment 
Plant which could not process s u f f i c i e n t wastewater to lower the b a s i n 
l e v e l on December 3, 1982, was caused by heavy r a i n f a l l r e c e i v e d i n 
the Refinery December 2 - 3 , 1982. 

Since the seepage of December 15, 1981, the Operations and Maintenance 
Departments have been coordinating t h e i r e f f o r t s i n p e r i o d i c a l l y 
removing accumulated trapped o i l from the sewer o i l t r a p s . An engi
neering p r o j e c t has been undertaken to i n v e s t i g a t e the sewer l i n e 
from south of #4 Separator to near the storm water bas i n . Eleven 
holes were dug to expose sections of the sewer to determine whether 
any f a i l u r e s o f the l i n e occurred. No f a i l u r e s of the l i n e were 
observed. In one l o c a t i o n s u f f i c i e n t o i l was observed i n the trench 
so a shallow o i l - r e c o v e r y w e l l was l o c a t e d here. We have been 
p e r i o d i c a l l y removing o i l from t h i s w e l l with vacuum truck s . 

At t h i s time we are not sure of the exact mechanism by which o i l f i n d s 
i t s way onto the I&M Canal i n Area 3. Heavy r a i n f a l l experienced i n 
the Refinery December 2 - 3 , 1982, caused leakage i n the North Plant 
storm water system and overflow of the North Plant process water system 
i n t o the storm sewer. The heavy r a i n f a l l r a i s e d the underground 
water tab l e because the storm water b a s i n was f u l l and water could 
not d r a i n from the North Plant to the storm b a s i n . The water t a b l e 
then reached a l e v e l where a f i s s u r e e x i s t s between the North Plant 
and the bank of the Canal. Since o i l f l o a t s on water, t h i s m a t e r i a l 
would be the f i r s t to seep in t o the Canal. 

Upon d i s c o v e r i n g the seepage of o i l in t o the I&M Canal, o i l booms 
were deployed and vacuum trucks were used to remove the accumulated 
o i l . Vacuum trucks were also used to remove o i l trapped i n the sewer, 
u n t i l sewer l e v e l s returned to normal. In order to reduce the sewer 
l e v e l s as r a p i d l y as p o s s i b l e , the Waste Water Treatment Plant was at 
i t s maximum r a t e without v i o l a t i n g any e f f l u e n t s p e c i f i c a t i o n . Un
t r e a t e d wastewater was also being r e c y c l e d f o r use i n the Refinery 
c o o l i n g water system on an emergency b a s i s . 

Measures to minimize recurrence are as f o l l o w s : 

a. O i l l e v e l s i n the "Big Inch" sewer w i l l be monitored and o i l 
accumulations removed. 

b. The d i t c h housing the "Big Inch" sewer may be able to serve 
as an i n t e r c e p t o r d i t c h . Management approval may be sought 
to i n s t a l l a d d i t i o n a l deeper o i l - r e c o v e r y wells adjacent to 
the d i t c h i f favorably determined by the Engineering Department. 
These wells w i l l be located p a r a l l e l to where the o i l i s 
seeping i n t o the Canal. 
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c. Preliminary excavations at various locations i n d i c a t e d the area 
of major seepage appeared to be the v i c i n i t y of the r a i l r o a d / 
roadway crossing i n t e r s e c t i o n . (Area 2 on the Refinery P l o t 
Plan). Preliminary work i s being done to determine whether 
to expose about 400 feet of sewer l i n e to check f o r defects 
and i f necessary, be repaired. 

d. A p r o j e c t request w i l l be submitted f o r management approval to 
i n s t a l l a process sewer at the North Plant f l a r e . E x i s t i n g 
drainage of process water i s presently to the storm sewer. 

e. A f t e r the formulation of project requests, studies w i l l be 
conducted by the Engineering Department to determine whether 
in c r e a s i n g the process sewer capacity at the BCT Unit and 
near the cooling tower to the l i f t s t a t i o n flowing to the 
separator w i l l minimize the overflow of o i l from the process 
sewer i n t o the storm sewer. I f t h i s project i s p r a c t i c a l , 
supplemental 19 83 budget requests w i i l be submitted f o r the* 
above proj ects. 
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SPILL EVENT REPORT 2 

From seepage of A p r i l 5, 1983 i n t o I&M Canal. 

F a c i l i t y - Union O i l Company of C a l i f o r n i a - Chicago R e f i n e r y 

F a c i l i t y Owner/Operator - Union O i l Company of C a l i f o r n i a -
Chicago R e f i n e r y 

F a c i l i t y L o c a t i o n - 135th S t r e e t and New Avenue 
Lemont, I l l i n o i s 60439 

The new p a r t of Chicago Refinery became o p e r a t i o n a l i n 1970 and 
o l d e r p o r t i o n s of the f a c i l i t y date from the previous r e f i n e r y 
which has operated at t h i s l o c a t i o n s i n c e the 1930's. 

The present Refinery has storage c a p a c i t y of about 7.5 m i l l i o n 
b a r r e l s (315 m i l l i o n g a l l o n s ) . Hydrocarbon on hand at any time 
i s about 4 m i l l i o n b a r r e l s (168 m i l l i o n g a l l o n s ) . Normal average 
d a i l y throughput f o r 1982 was approximately 100,000 b a r r e l s per 
day of crude o i l . 

The Chicago Refinery i s a f u l l y i n t e g r a t e d r e f i n e r y which processes 
crude o i l and other miscellaneous feedstocks i n t o g a s o l i n e , d i e s e l 
f u e l , turbine f u e l , aromatic s o l v e n t s , a l i p h a t i c s o l v e n t s , coke 
and s u l f u r . The Refinery i s l o c a t e d on an 860 acre t r a c t of land 
i n W i l l County between the v i l l a g e of Lemont and Romeoville. The 
R e f i n e r y i s bounded on the south by 135th S t r e e t , on the west by 
the I&M and S a n i t a r y and Ship- Canals. The R e f i n e r y tankage i s 
l o c a t e d on both sides of 127th S t r e e t , west of Smith Road. See 
the R e f i n e r y P l o t Plan and the U.S.G.S. Topographic Map f o r l o c a t i o n s 
o f the f a c i l i t y r e l a t i n g to surrounding areas submitted with the 
SPCC Plan on February 2, 1983. 

The seepage from A p r i l 5, 1983 contaminated the I&M Canal i n the 
area 50-150 f e e t SW of the r a i l r o a d bridge c r o s s i n g the I&M Canal., 
See Attachment 10. 

At t h i s time we are s t i l l not sure of the exact mechanism by which 
o i l f i n d s i t s way onto the I&M Canal. O i l may be f o r c e d out of 
the sewers at an opening by the high water l e v e l s and c o l l e c t s i n 
the trench h o l d i n g the "Big Inch" sewer. O i l also may be e n t e r i n g 
the sewer trench somewhere upstream and flowing i n t o t h i s area. 
High groundwater l e v e l i s then causing the o i l to migrate through 
f i s s u r e s i n the rock onto the canal. 

High water l e v e l s i n the storm water b a s i n would submerge the 
upstream "Big Inch" sewer l i n e . Over the p e r i o d of March 31-
A p r i l 3, the Refinery r e c e i v e d 2.65" of r a i n which r a i s e d the 
b a s i n l e v e l by 7 f e e t . 
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Since the seepage of December 15, 1981 the Operations and Mainte
nance Departments have been coordinating t h e i r e f f o r t s i n period
i c a l l y removing accumulated trapped o i l from the sewer o i l traps. 
We have also been p e r i o d i c a l l y removing o i l from a shallow o i l -
recovery well located adjacent to the sewer l i n e trench. 

At t h i s time we continue to permanently p o s i t i o n numerous sections 
of o i l containment boom which w i l l prevent large sections of the 
canal becoming contaminated. The seepage of o i l was detected by 
observing pockets of o i l trapped between the boom and the bank of 
the canal. Vacuum trucks were used to remove the accumulated o i l . 
Vacuum trucks were also used to remove o i l trapped i n the sewer, 
u n t i l the sewer leve l s returned to normal. In order to reduce the 
sewer l e v e l s as r a p i d l y as p o s s i b l e ^ the Wastewater Treatment Plant 
was operated at its maximum rate without v i o l a t i n g any wastewater e f f l u e n t 
s p e c i f i c a t i o n . Untreated wastewater was also being r e c y c l e d into 
the Refinery f o r use i n the u t i l i t y water system and cooling towers. 

Measures to minimize recurrence are as follows: 

a. O i l l e v e l s i n the "Big Inch" w i l l be monitored and o i l accumulations 
removed. 

b. A modified procedure has been devised to control the operating 
l e v e l of the storm water basin by the i n i t i a t i o n of r e c y c l i n g 
untreated wastewater from the storm water basin to the u t i l i t y 
water system and the coo l i n g towers. Storm water also w i l l be 
retained i n the tank farm dikes u n t i l i t can be processed 
through the Wastewater Treatment Unit. 

c. A project request i s being submitted f o r management approval 
to i n s t a l l a process sewer at the North Plant f l a r e . E x i s t i n g 
drainage of process water i s presently to the storm sewer. 

d. Studies are being- conducted by the Engineering Department to 
determine whether increasing the process sewer capacity at the 
BCT Unit and near the cooling tower to the l i f t s t a t i o n flowing 
to the separator w i l l minimize the overflow of o i l from the 
process sewer into the storm sewer. I f t h i s p r o j e c t i s p r a c t i c a l , 
budget requests w i l l be submitted f o r the above p r o j e c t . 

e. In conjunction with the construction of new process units i n the 
area of the North Plant, the o l d #4 Trap w i l l be replaced with a 
new modern design o i l water separator sometime l a t e i n 1983. 
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SPILL EVENT REPORT 3 

From xylene s p i l l of A p r i l 21, 1983 i n t o I&M Canal. 

F a c i l i t y - Union O i l Company of C a l i f o r n i a - Chicago R e f i n e r y 

F a c i l i t y Owner/Operator - Union O i l Company of C a l i f o r n i a -
Chicago R e f i n e r y 

F a c i l i t y L o c a t i o n - 135th S t r e e t and New Avenue 
Lemont, I l l i n o i s 60439 

The new part of Chicago R e f i n e r y became o p e r a t i o n a l i n 1970 and 
o l d e r p o r t i o n s of the f a c i l i t y date from the previous r e f i n e r y 
which has operated at t h i s l o c a t i o n since the 1930's. 

The present r e f i n e r y has storage c a p a c i t y of about 7.5 m i l l i o n 
b a r r e l s (315 m i l l i o n g a l l o n s ) . Hydrocarbon on hand at any time 
i s about 4 m i l l i o n b a r r e l s (168 m i l l i o n g a l l o n s ) . Normal average 
daily t±roughput for 1982 was approximately 100,000 barrels per day of crude o i l . 

The Chicago Refinery i s a f u l l y i n t e g r a t e d r e f i n e r y which processes 
crude o i l and other miscellaneous feedstocks i n t o g a s o l i n e , d i e s e l 
f u e l , turbine f u e l , aromatic s o l v e n t s , a l i p h a t i c s o l v e n t s , coke 
and s u l f u r . The Refinery i s l o c a t e d on an 860 acre t r a c t of land i n . 
W i l l County between the v i l l a g e s of Lemont and Romeoville. The 
R e f i n e r y i s bounded on the south by 135th S t r e e t , on the west by 
the I&M and S a n i t a r y and Ship Canals. The Refinery tankage i s 
l o c a t e d on both sides of 127th S t r e e t , west of Smith Road. See 
the Refinery P l o t Plan and the U.S.G.C. Topographic Map f o r l o c a t i o n s 
of the f a c i l i t y r e l a t i n g to surrounding areas submitted with the 
SPCC Plan on February 2, 1983. 

The xylene s p i l l from A p r i l 21, 1983 contaminated the I&M Canal 
i n the area from the r a i l r o a d b r i d g e c r o s s i n g the I&M Canal to 
150 f e e t downstream. See Attachment 11. 

The xylene barge l o a d i n g l i n e was taken out of s e r v i c e to r e l o c a t e 
a s e c t i o n of the l i n e onto a d i f f e r e n t s e c t i o n of pipe supports. 
The l i n e was water washed and a i r blown p r i o r to b l i n d i n g . A d d i t i o n a l 
low point bleeders were added to the l i n e at points where i t was 
judged to need drainage. A low p o i n t bleeder was not added at the 
p o i n t where the l i n e crosses the I&M Canal. This s e c t i o n of l i n e 
contained water which f r o z e causing the underside, of the l i n e to 
crack. As the l i n e was being charged with xylene, product was 
observed l e a k i n g out the underside of the l i n e . The pump was shut 
down and w i t h i n a short p e r i o d of time, the flow of xylene in t o 
the canal stopped. 
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Measures to minimize recurrence are as follows: 

a. Ten feet of the l i n e was replaced where i t was d e f e c t i v e . 

b. F a i l u r e to add a bleeder at the point of pipe f a i l u r e was 
an oversight. Our current procedure contains a l l the 
necessary steps to avoid t h i s type of mishap i n the future 
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SPILL EVENT REPORT 4 

From seepage of J u l y 2, 1983 into I&M Canal. 

F a c i l i t y - Union O i l Company of C a l i f o r n i a - Chicago Refinery 

F a c i l i t y Owner/Operator - Union O i l Company of C a l i f o r n i a 
Chicago Refinery 

The new part of Chicago Refinery became operational i n 1970 
and older portions of the f a c i l i t y date from the previous 
r e f i n e r y which has operated at t h i s l o c a t i o n since the 1930's. 

The present Refinery has storage capacity of about 7.5 m i l l i o n 
b a r r e l s (315 m i l l i o n g a l l o n s ) . Hydrocarbon on hand at any 
time i s about 4 m i l l i o n b a r r e l s (168 m i l l i o n g a l l o n s ) . . Normal 
average d a i l y throughput f o r 1982 was approximately 100,000 
b a r r e l s per day of crude o i l . 

The Chicago Refinery i s a f u l l y i ntegrated . r e f i n e r y which 
processes crude o i l and other miscellaneous feedstocks into 
gasoline, d i e s e l f u e l , turbine f u e l , aromatic solvents, 
a l i p h a t i c solvents, coke and s u l f u r . The Refinery i s located 
on an 860 acre t r a c t of land i n W i l l County between the v i l l a g e 
of Lemont and Romeoville, The Refinery i s bounded on the' south 
by 135th Street, on the west by the I&M and Sanitary and Ship 
Canals. The Refinery tankage i s located on both sides of 127th 
S t r e e t , west of Smith Road. See the Refinery Plot Plan and the 
U.S.G.S. Topographic Map for l o c a t i o n s of the f a c i l i t y r e l a t i n g 
to surrounding areas submitted with the SPCC Plan on February 
2, 1983. 

The seepage from J u l y 2, 1983 contaminated the I&M Canal i n 
the area 50-150 feet SW of the r a i l r o a d bridge crossing the 
I&M Canal. See Attachment 12. 

An i n v e s t i g a t i o n of the o i l seepages to the I&M Canal i s 
continuing. We are attempting to c h a r a c t e r i z e the o i l through 
chemical t e s t s . We have sampled o i l on the canal, o i l i n the 
"Big Inch" sewer l i n e , o i l i n the "Big Inch" trench and o i l o f f 
the three process sewer l i f t s t a t i o n s leading to the North 
Plant oil-water separator. To date, we have not been successful 
i n p i n p o i n t i n g the source of the o i l f i n d i n g i t s way onto the 
c a n a l . 

F a c i l i t y Location 135th Street and New Avenue 
Lemont, I l l i n o i s 60439 
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I t i s the b e l i e f of the Refinery that the cause of the I&M 
Canal o i l seepage i s the substandard oil-water separator 
located i n the North Plant area of the Refinery. This 
separator dates from the 1950's but by today's standards i s 
inadequate. 

This part of the Refinery has only one combined process-
stormwater sewer system. The newer South Plant part of the 
Refinery has separate process and stormwater sewer systems. 
The North Plant combined process-stormwater system during 
nonstorm conditions pumps a l l water v i a l i f t stations to the 
oil-water separator (#4 Trap). During storm conditions o i l 
and water w i l l overflow the l i f t s t a t i o n s . This o i l and water 
can migrate through the s o i l to the area of the "Big Inch" 
trench. Also during storm events, when the stormwater basins 
are f u l l , #4 Trap w i l l be submerged thereby allowing o i l and 
water to flow in t o the "Big Inch" l i n e leading to the storm
water basin. The Refinery r e c e i v e d heavy amounts of p r e c i p i t a t i o n 
during l a t e June and e a r l y J u l y . On June 27-30, .the stormwater 
basins were p a r t i a l l y f i l l e d due to r e c e i v i n g 2.1 inches of r a i n . 
The stormwater basins were f i l l e d on July 1-2 a f t e r r e c e i v i n g 
4.4 inches of r a i n . Due to the above events, o i l seepage was 
observed i n the I&M Canal on J u l y 2, 1983. 

Since the seepage of December 15, 1981 the Operations and 
Maintenance Departments have been coordinating t h e i r e f f o r t s 
i n p e r i o d i c a l l y removing accumulated trapped o i l from the 
sewer o i l traps. We have also been p e r i o d i c a l l y removing 
o i l from a shallow o i l - r e c o v e r y w e l l located adjacent to the 
sewer l i n e trench. 

At t h i s time we continue to permanently p o s i t i o n numerous 
sections of o i l containment boom which w i l l prevent large 
sections of the canal becoming contaminated. The seepage 
of o i l was detected by observing pockets of o i l trapped 
between the boom and the bank of the canal. Vacuum trucks 
were used- to remove the accumulated o i l . Vacuum trucks were 
also used to remove o i l trapped i n the sewer, u n t i l the 
sewer l e v e l s returned to normal. In order to reduce the 
sewer l e v e l s as r a p i d l y as p o s s i b l e , the Wastewater Treatment 
Plant was operated at i t s maximum rate without v i o l a t i n g any 
wastewater e f f l u e n t s p e c i f i c a t i o n . Untreated wastewater was 
also being recycled i n t o the Refinery f o r use i n the u t i l i t y 
water system and c o o l i n g towers. 

Measures to minimize recurrence are as follows: 

a. O i l l e v e l s i n the "Big Inch" w i l l be monitored and o i l 
accumulations removed. 
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b. A modified procedure has been devised to c o n t r o l the 
operating l e v e l of the storm water basin-by the 
i n i t i a t i o n of r e c y c l i n g untreated wastewater from the 
storm water basin to the u t i l i t y water system and the 
coo l i n g towers. Storm water also w i l l be r e t a i n e d i n 
the tc-nk farm dikes u n t i l i t can be processed through 
the Wastewater Treatment Unit. 

c. In conjunction with the construction of new process 
un i t s i n the North Plant area, the o l d #4 Trap w i l l be 
replaced by February 1984 with a new modern design o i l -
water separator. Pro j e c t costs are estimated to be 
$450,000. 

d. A p r o j e c t has been approved to i n s t a l l two o i l c o l l e c t i o n 
sumps i n the "Big Inch" trench and to examine underground 
t i e - i n points f o r o i l seepage to the I&M Canal. Project 
completion i s estimated to be l a t e September 1983. Project 
costs are estimated to be $15,000. 

e. A project request i s being submitted for management approval 
to i n s t a l l a process sewer at the North Plant f l a r e . E x i s t i r 
drainage of process water i s presently to the storm sewer. 

f. Studies are being conducted by the Engineering Department to 
determine whether in c r e a s i n g the process sewer capacity at 
the BCT Unit and near the cooling tower to the l i f t s t a t i o n 
flowing to the separator w i l l minimize the overflow of o i l 
from the process sewer into the storm sewer. I f t h i s 
p r o j e c t i s p r a c t i c a l , budget requests w i l l be submitted f o r 
the abcve p r o j e c t . ' 
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SPILL EVENT REPORT 5 

From o i l s p i l l o f J a n u a r y 1 3 , 1 9 8 4 , i n t o I&M C a n a l . 

F a c i l i t y - Union O i l Company o f C a l i f o r n i a - C h i c a g o R e f i n e r y 

F a c i l i t y Owner/Operator - Union O i l Company o f C a l i f o r n i a - C h i c a g o R e f i n e r y 

F a c i l i t y L o c a t i o n 1 3 5 t h S t r e e t and New Avenue - Lemont, I l l i n o i s 6 0 439 

The new p a r t o f C h i c a g o R e f i n e r y became o p e r a t i o n a l i n 1970 and o l d e r p o r t i o n s 

o f t h e f a c i l i t y d a t e from the p r e v i o u s r e f i n e r y w h i c h has o p e r a t e d a t t h i s 

l o c a t i o n s i n c e t h e 1 9 3 0 1 s . 

The p r e s e n t r e f i n e r y has s t o r a g e c a p a c i t y o f about 7-5 m i l l i o n b a r r e l s ( 3 1 5 

m i l l i o n g a l l o n s ) . H y d r o c a r b o n on hand a t any time i s a b o u t 4 m i l l i o n b a r r e l s 

( 1 6 8 m i l l i o n g a l l o n s ) . Normal a v e r a g e d a i l y t h r o u g h p u t f o r 1982 was a p p r o x i m a t e l y 

1 0 0 , 0 0 0 b a r r e l s p e r day o f c r u d e o i l . 

The C h i c a g o R e f i n e r y i s a f u l l y i n t e g r a t e d r e f i n e r y w h i c h p r o c e s s e s c r u d e o i l 

and o t h e r m i s c e l l a n e o u s f e e d s t o c k s i n t o g a s o l i n e , d i e s e l f u e l , t u r b i n e f u e l , 

a r o m a t i c s o l v e n t s , a l i p h a t i c s o l v e n t s , coke and s u l f u r . The R e f i n e r y i s l o c a t e d 

on an 860 a c r e t r a c t o f l a n d i n W i l l County between t h e v i l l a g e s o f Lemont and 

R o m e o v i l l e . The R e f i n e r y i s bounded on the s o u t h by 1 3 5 t h S t r e e t , on the west 

by t h e I&M and S a n i t a r y and S h i p C a n a l s . The R e f i n e r y t a n k a ge i s l o c a t e d on b o t h 

s i d e s o f 1 2 7 t h S t r e e t , west o f Smith Road. See t h e R e f i n e r y P l o t P l a n and the 

U.S.G.C. T o p o g r a p h i c Map f o r l o c a t i o n s o f t h e f a c i l i t y r e l a t i n g t o s u r r o u n d i n g 

a r e a s s u b m i t t e d w i t h the SPCC P l a n on F e b r u a r y 2, 1 9 8 3 -

The o i l s p i l l o f J a n u a r y 1 3 , 1 9 8 4 , c o n t a m i n a t e d t h e I&M Canal i n a s m a l l a r e a 

300 f e e t n o r t h o f t h e Union C h e m i c a l s D i v i s i o n r a i l r o a d b r i d g e . We e s t i m a t e 

t h a t l e s s t h a n one b a r r e l o f o i l was s p i l l e d . See A t t a c h m e n t 13-

The mechanism f o r the c o n t a m i n a t i o n i n t h e I&M Canal i s s t a t e d as f o l l o w s . A 

p r o c e s s sewer l i f t s t a t i o n i n an a r e a o f the tank farm was a t a h i g h l e v e l . O i l 

l e a k e d i n t o t h e ground t h r o u g h a c r a c k i n t h e p r o c e s s sewer u p s t r e a m o f the l i f t 

s t a t i o n . The o i l then s a t u r a t e d the ground i n t h e a r e a o f t h e l e a k . The o i l 

then d r a i n e d o u t o f t h e ground and i n t o an a d j a c e n t s u r f a c e d r a i n a g e s y s t e m 

w h i c h e m p t i e s n o n - o i l y s t o r m w a t e r i n t o t h e I&M C a n a l . 

Measures t o m i n i m i z e r e c u r r e n c e a r e as f o l l o w s : 

1. L e v e l c o n t r o l s were r e s e t t o d r a i n the l i f t s t a t i o n sump a t a l o w e r l e v e l . 

2. The l e v e l i n t h e sump was checked once p e r s h i f t t o e n s u r e t h a t a h i g h l e v e l 

w o u l d not r e s u l t from m a l f u n c t i o n s o f l e v e l c o n t r o l s . 

3- Steam was i n t r o d u c e d i n t o the l i f t s t a t i o n sump as c o n d i t i o n s w a r r a n t e d i n 

o r d e r t o p r e v e n t the p o s s i b i l i t y o f a pump f r e e z e - u p . 
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k. The p r o c e s s sewer l i n e was e x c a v a t e d . A c r a c k was d i s c o v e r e d and r e p a i r e d . 

5. We a r e p r e s e n t l y a t t e m p t i n g t o d e v i s e a method o f c h e c k i n g the i n t e g r i t y o f 

t h e p r o c e s s sewer system i n t h a t a r e a o f the R e f i n e r y tank f a r m where t h e 

o i l s p i l l r e s u l t e d . 

LDE:dlw 
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SPILL EVENT REPORT 6 

From seepages o f March 2, 1 9 8 4 , and March 2 6 , 1 9 8 4 , i n t o the ISM C a n a l . 

F a c i l i t y - Union O i l Company o f C a l i f o r n i a - C h i c a g o R e f i n e r y 

F a c i l i t y Owner/Operator - U n i o n O i l Company o f C a l i f o r n i a - C h i c a g o R e f i n e r y 

F a c i l i t y L o c a t i o n - - 1 3 5 t h S t r e e t and New Avenue 

Lemont, I l l i n o i s 6 0 4 3 9 

The new p a r t o f t h e . C h i c a g o R e f i n e r y became o p e r a t i o n a l i n 1970 and o l d e r p o r t i o n s 

o f t h e f a c i l i t y date from t h e p r e v i o u s r e f i n e r y w h i c h has o p e r a t e d a t t h i s l o c a t i o n 

s i n c e t h e 1 9 3 0 ' s . 

The p r e s e n t r e f i n e r y has s t o r a g e c a p a c i t y o f about 7-5 m i l l i o n b a r r e l s (315 m i l l i o n 

g a l l o n s ) . H y d r o c a r b o n on hand a t any t i m e i s about 4 m i l l i o n b a r r e l s ( 1 6 8 m i l l i o n 

g a l l o n s ) . Normal a v e r a g e d a i l y t h r o u g h p u t f o r 1983 was a p p r o x i m a t e l y 100,000 b a r r e 

per day. 

The C h i c a g o R e f i n e r y i s a f u l l y i n t e g r a t e d r e f i n e r y w h i c h p r o c e s s e s c r u d e o i l and 

o t h e r m i s c e l l a n e o u s f e e d s t o c k s i n t o g a s o l i n e , d i e s e l f u e l , t u r b i n e f u e l , a r o m a t i c 

s o l v e n t s , a l i p h a t i c s o l v e n t s , coke and s u l f u r . The R e f i n e r y i s l o c a t e d on an 8 6 0 

a c r e t r a c t o f l a n d i n W i l l County between t h e v i l l a g e s o f Lemont and R o m e o v i l l e . 

The R e f i n e r y i s bounded on the s o u t h by 135th S t r e e t , on the west by the I&M and 

S a n i t a r y and S h i p C a n a l . The R e f i n e r y tankage i s l o c a t e d on b o t h s i d e s o f 127th 

S t r e e t , west o f Smith Road. See the R e f i n e r y P l o t P l a n and t h e U . S . G . S . Topograph! 

Map f o r l o c a t i o n s o f t h e f a c i l i t y r e l a t i n g to s u r r o u n d i n g a r e a s s u b m i t t e d w i t h the 

SPCC P l a n on F ebruary 2, 1983 -

The seepage from March 2, 1 9 8 4 , and March 2 6 , 1 9 8 4 , c o n t a m i n a t e d the I&M Canal i n 

the a r e a shown on the map l o c a t e d 900 f e e t s o u t h o f t h e r a i l r o a d b r i d g e c r o s s i n g 

the c a n a l . We e s t i m a t e t h a t 50 and 150 g a l l o n s r e s p e c t i v e l y were r e c o v e r e d from the 

I&M Canal f o r t h e s e two s p i l l s . See A t t a c h m e n t 14. 

As shown i n p r e v i o u s s p i l l r e p o r t s , i t was the b e l i e f o f the R e f i n e r y t h a t the 

cause o f t h e I&M Canal o i l seepage was the s u b s t a n d a r d o i l - w a t e r s e p a r a t o r 

l o c a t e d i n t h e North P l a n t a r e a o f t h e R e f i n e r y . We have c o m p l e t e d the p r o j e c t 

to r e p l a c e t h e o l d o i l - w a t e r s e p a r a t o r w i t h a new modern d e s i g n o i l - w a t e r 

s e p a r a t o r . T h i s new s e p a r a t o r was p l a c e d i n s e r v i c e i n F e b r u a r y , 1 9 8 4 . Not 

enough time has passed to d e t e r m i n e w h e t h e r t h i s change i n s e p a r a t o r s w i l l d e c r e a s e 

the f r e q u e n c y and volume o f o i l seepage o n t o the I&M C a n a l . 

In s p i t e o f the above b e l i e f , we have u n d e r t a k e n a s y s t e m a t i c a p p r o a c h to 

examine t h e sewer systems i n t h e o l d e r N o r t h P l a n t a r e a o f the R e f i n e r y . We a r e 

a t t e m p t i n g t o p r i o r i t i z e t h e s e c t i o n s o f the sewer s y s t e m w h i c h may have the 

h i g h e s t p o t e n t i a l f o r l e a k a g e . We then w i l l e x c a v a t e s e l e c t e d s e c t i o n s and r e p a i r 

t h e s e s e c t i o n s i f t h i s p r o v e s t o be n e c e s s a r y . 

The " B i g I n c h " t r e n c h by n a t u r e o f l o c a t i o n and depth w i l l a c t as an i n t e r c e p t o r 

t r e n c h to c o l l e c t o i l w h i c h may m i g r a t e from the p r o c e s s i n g a r e a s o f the R e f i n e r y . 
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S p i l l Event R e p o r t 6 -2- A p r i l 30, 1984 

Numerous o i l r e c o v e r y sumps have been i n s t a l l e d i n the " B i g I n c h " t r e n c h . A 

R e f i n e r y vacuum t r u c k i s used .to remove t h i s o i l and p l a c e i t i n t o the o i l r e c o v e r y 

s y s t e m b e f o r e i t i s a l l o w e d to seep t h r o u g h e x i s t i n g f i s s u e s i n t h e r o c k t r e n c h . 

We have a l s o e x c a v a t e d the " B i g I n c h " sewer t o examine j o i n t s and j u n c t i o n boxes. 

W i t h the e x c e p t i o n o f a l e a k o r t h e c o n n e c t i o n t o o l d #4 S e p a r a t o r , w h i c h was 

r e p a i r e d , we have not found l e a k i n g j o i n t s w h i c h c o u l d be major c o n t r i b u t e r s t o 

t h i s o i l f i n d i n g i t s way i n t o t h e " B i g I n c h " t r e n c h . Over f i v e hundred f e e t o f 

p r o c e s s sewer l i n e has been e x c a v a t e d from the Udex U n i t l i f t s t a t i o n t o the Cat 

Reformer l i f t s t a t i o n . We have found d e f e c t s - i n t h i s sewer l i n e . S i g n i f i c a n t 

p o r t i o n s o f t h i s s e c t i o n o f l i n e w i l l be r e p l a c e d o r r e p a i r e d as r e q u i r e d . 

R e c e n t l y , a p r o j e c t r e q u e s t was s u b m i t t e d f o r management a p p r o v a l to i n s p e c t 

a s e c t i o n o f p r o c e s s and s t o r m sewer l i n e s w h i c h l e a d from t h e t a n k f a r m t o the 

l i f t s t a t i o n f e e d i n g the o i l - w a t e r s e p a r a t o r . Depending on the outcome o f the 

i n s p e c t i o n , f u r t h e r s t u d i e s may be r e q u i r e d . 

At p r e s e n t , t h e O p e r a t i o n s and M a i n t e n a n c e Departments have been c o o r d i n a t i n g 

t h e i r e f f o r t s i n p e r i o d i c a l l y removing a c c u m u l a t e d t r a p p e d o i l f r o m t h e sewer 

o i l t r a p s . We have a l s o been p e r i o d i c a l l y removing o i l f r o m numerous s h a l l o w 

o i l - r e c o v e r y sumps l o c a t e d i n t h e " B i g I n c h " sewer l i n e t r e n c h . 

At t h i s time we c o n t i n u e t o permanent 1y p o s i t i o n numerous s e c t i o n s o f o i l c o n t a i n m e n t 

boom w h i c h p r e v e n t l a r g e s e c t i o n s o f t h e c a n a l from becoming c o n t a m i n a t e d . The 

seepage o f o i l i s d e t e c t e d by o b s e r v i n g p o c k e t s o f o i l t r a p p e d between the boom and 

t h e bank o f t h e c a n a l . Vacuum t r u c k s a r e used to remove the a c c u m u l a t e d o i l . 

'During p e r i o d s o f heavy r a i n f a l l o r snow m e l t , t h e s t o r m w a t e r b a s i n w i l l f i l l t h e r e b y 

c a u s i n g t h e " B i g I n c h " sewer to become submerged. 

Measures t o m i n i m i z e r e c u r r a n c e a r e as f o l l o w s : 

a) 0 i1 1eaks i n t h e " B i g I n c h " sewer and t r e n c h w i l l be m o n i t o r e d and o i l 

a c c u m u l a t i o n s removed. 

b) A m o d i f i e d p r o c e d u r e has been d e v i s e d t o c o n t r o l t h e o p e r a t i n g l e v e l o f the 

s t o r m w a t e r b a s i n by the i n i t i a t i o n o f r e c y c l i n g u n t r e a t e d w a s t e w a t e r from t h e 

s t o r m w a t e r b a s i n t o the u t i l i t y w a t e r s y s t e m and the c o o l i n g t o w e r s . Storm 

w a t e r a l s o w i l l be r e t a i n e d i n the tank f a r m d i k e s u n t i l i t can be p r o c e s s e d 

t h r o u g h t h e Wastewater Treatment U n i t . 

c) A new modern d e s i g n o i l - w a t e r s e p a r a t o r has been p l a c e d i n s e r v i c e i n F e b r u a r y , 

1984. More time must pass b e f o r e we can d e t e r m i n e w h e t h e r t h i s w i l l ease t h e 

seepage o f o i l t o t h e I&M C a n a l . 

d) We p r e s e n t l y have i n s t a l l e d f o u r o i l r e c o v e r y sumps i n the " B i g I n c h " t r e n c h 

and a r e c o n s i d e r i n g a f i f t h . In a d d i t i o n , t h e r e a r e two s h a l l o w w e l l sumps 

between t h e I&M Canal and the " B i g I n c h " t r e n c h . 

e) Three " B i g I n c h " j u n c t i o n boxes were i n s p e c t e d f o r l e a k a g e . One j o i n t was 

l e a k i n g w h i c h was r e p a i r e d . We b e l i e v e f u r t h e r i n v e s t i g a t i o n i s u n w a r r a n t e d . 
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f) An analysis of the project to i n s t a l l a process sewer at the North Plant 
Flare has been completed. The amount of o i l present is far too small to 
contribute s i g n i f i c a n t l y to the o i l collected from the sumps along the "Big 
Inch". This project w i l l not be done. We w i l l construct a storm sewer to 
send this material to the "Big Inch" sewer. 

g) Studies w i l l continue to define the sewer size near the North Plant cooling 
tower needed to prevent overflowing the process sewer into the "Big Inch" 
sewer. 

h) A project is presently underway to modify the sewer box piping at the BCT 
unit. Completion is expected by the end of A p r i l , 1984. 

i) The Udex Unit process sewer l i f t station effluent l i n e has been excavated 
and inspected. At least 3 holes were found in the underground l i n e . This 
l i n e w i l l be replaced or repaired as required. 

LDE:d1w 
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ENVIRONMENTAL PROTECTION AGENCY REGULATIONS 
ON OIL POLLUTION PREVENTION 

(40 CFR 112; 38 FR 34164, December 11, 1973; Amended by 39 FR 31602, 
August 29, 1974; 41 FR 12657, March 26, 1976) 

PART 112—OIL POLLUTION PREVENTION 
Non-transportation Related Onshore and 

Offshore Facilities 
A O T H O U T T : Sac*. 311 (J) (11 (C). 3U(j) (2). 

M i d i , Psdarai Water Pollution Control Act 
(SM. 2. Pub. L. 93-400. 86 Stat. 318 <rt aq . 
(33 IIJ .C. 1331 at aaq.)): S K . 4(b). Pub. U 
92-300. 36 Stat. 897: S rj-S.C. Biotf. Plan of 
1970 No. 3 (1970). 38 PR 15823. 3 CPS 1966-
1970 COmp^ S.O. 11730. 38 PR 21243. 3 CPR. 

§ 1 1 2 . 1 General applicability. 

(a) This part establishes procedures, 
methods and equipment and other re
quirements for equipment to prevent the 
discharge of oil from non-transporta-
tion-reiated onshore and offshore facili
ties Into or upon the navigable waters of 
the United States or adjoining shore
lines. 

(b> Except as provided in paragraph 
(d) of this section, this part applies to 
owners or operators of non-transporta
tion-related onshore and offshore facili
ties engaged in drilling, producing, gath
ering, storing, processing, refining, 
transferring, distributing or consuming 
oil and oil products, and which, due to 
their location, could reasonably be ex
pected to discharge oil in harmful quan
tities, as denned in Part 110 of this chap
ter, into or upon the navigable waters of 
the United States or adjoining shorelines. 

(c) As provided in sec 313 (86 Stat. 
875) departments, agencies, and Instru
mentalities of the Federal government 
are subject to these regulations to the 
same extent as any person, except for the 
provisions of 5 112.6. 

(d) This part does not apply to: 
(1) Facilities, equipment or operations 

which axe not subject to the jurisdiction 
of the Environmental Protection Agency, 
as follows: 

(A) onshore and offshore facilities, 
which, due to their location, could not 
reasonably be expected to discharge oil 
into or upon the navigable waters of 
the United States or adjoining shore
lines. This determination shall be based 
solely upon a consideration of the geo
graphical, locations! aspects of the facil
ity (such as proximity to navigable 
waters or adjoining shorelines, land con
tour, drainage, etc.) and shall exclude 
consideration of manmade features such 
as dikes, equipment or other structures 
which may serve to restrain, hinder, con
tain, or otherwise prevent a discharge or 
oil from reaching navigable waters of the 
United States or adjoining-shorelines: 
and 

<B) equipment or operations of vessels 
or transportation-related onshore and 
offshore • facilities which are subject to 
authority and control of the Department 
of Transportation, as denned in the 
Memorandum of Understanding between 
the Secretary of Transportation and the 
Administrator of the Environmental Pro
tection Agency, dated November 24. 1971. 
38 FR 24.000. 

(2) those facilities which, although 
otherwise subject to the Jurisdiction of 
the Environmental Protection Agency, 
meet both of the following requirements: 

(A) the underground buried storage 
capacity of the facility is 42.000 gallons 
or less of oil. and 

<B) the storage capacity, which Is not 
burled, of the facility is 1.320 gallons 
or less of oil. provided no single container 
has a capacity In excess of 660 gallons. 

[41 FR 12637, March 26. 19761 
(e) This part provides for the prepara

tion and implementation of Spill Pre
vention Control and Counter-measure 
Plans prepared In accordance with 
5 112.7. designed to complement existing 
laws, regulations, rules, standards, poli
cies and procedures pertaining to safety 
standards, fire prevention and pollution 
prevention rules, so as to form a compre
hensive balanced Federal/State spill pre
vention program to minimize the poten
tial for oil discharges. Compliance with 
this part does not In any way relieve the 
owner or operator of an onshore or an 
offshore facility from compliance with 
other Federal. State or local laws. 

§ 112-2 Definition*. 

For the purposes of this part: 
(a) "Oil" means oil of any kind or in 

any form. Including, but not limited to 
petroleum, fuel oil. sludge, oil refuse and 
oil mixed with wastes other than dredged 
spoil. 

(b) "Discharge" Includes but is not 
limited to. any spilling, leaking, pump
ing, pouring, emitting, emptying or 
dumping. For purposes of this part, the 
term "discharge" shall not include any 
discharge of oil which is authorized by 
a permit issued pursuant to Section 13 
of the River and Harbor Act of 1899 (30 
Stat. 1121. 33 UJS.C. 407). or Sections 402 
or 405 of the- FWPCA Amendments of 
1972 (88 Stat. 816 et seq.. 33 U-S.C. 1231 
et seq.). 

(c) "Onshore facility" means any 
faculty of any kind located in. on. or 

under any land within the United States, 
other than submerged lands, which Is 
not a transportation-related facility. 

(d) "Offshore facility" means any 
facility of any kind located in. on. or 
under any of the navigable waters of 
the United States, which is not a trans
portation-related facility. 

(ei "Owner or operator" means any 
person owning or operating an onshore 
facility or an offshore facility: and in the 
case of any abandoned offshore facility, 
the person who owned or operated such, 
facility immediately prior to such aban
donment. 

(X) "Person" Includes an Individual, 
firm, corporation, association, and a 
partnership. 

(g) "Regional Administrator", means 
the Regional Administrator of the En
vironmental Protection Agency, or his 
designee, in and for the Region in which 
the facility is located. 

(h) "Transportation-related" and 
"non-transportation-related" as ap
plied' to an onshore or offshore facility, 
are denned in the Memorandum of 
Understanding between the Secretary 
of Transportation and the Administra
tor of the Environmental Protection 
Agency, dated November 24. 1971. 3 6 FR 
24080. 

(1) "Spill event" mrartt a discharge of 
oil into or upon the navigable waters of 
the United States or adjoining shorelines 
in harmful quantities, as defined at 40 
CFR Part 110. 

(J) "United States" means the States, 
the District of Columbia, the Common
wealth of Puerto Rico, the Canal Zone. 
Guam. American Samoa, the Virgin Is
lands, and the Trust Territory of the 
Pacific Islands. 

(k) The term "navigable waters" of 
the United States means "navigable 
waters" as denned in section 502(7) of 
the FWPCA. and includes: 

(1) all navigable waters of the United 
States, as defined In judicial decisions 
prior to passage of the 1972 Amendments 
to the FWPCA (Pub. L. 92-500). and 
tributaries of such waters: 

(2) Interstate waters: 
(3) intrastate lakes. rivers. and 

streams which are utilized by interstate 
travelers for recreational or other pur
poses: and 

(4) intrastate lakes. rivers. and. 
streams from which fish or shellfish are 
taken and sold in Interstate commerce. 

(1) "Vessel" means every description 
of wat?-craft or other artificial contnv-
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snce used, or capable of being used as 
a means of transportation on water, 
other than a public vessel. 

§ 112-3 Retruirement* for prennration 
and implementation of Spill Preven
tion Control and Counter-measure 
Plana. 

:a) Owners or operators of onshore 
»nd offshore facilities in operation on or 
before the effective date of this part that 
have discharged or. due to their loca
tion, could reasonably be expected to 
discharge oil ln- barmful quantities, as 
denned In 40 CFR Part 110, Into or upon 
the navigable waters of the United States 
or adjoining shorelines, shall prepare a 
Spill Prevention Control and Counter-
measure Plan (hereinafter "SPCC 
Plan"), in wilting and in accordance with 
section 112.7. Except as provided for In 
paragraph (f) of this section, such SPCC 
Plan shall be prepared within six months 
after the effective date of this part and 
shall be fully Implemented as soon as 
possible, but not later than one year after 
the effective date of this part. 

(41 FR 12637, March 26. 1976] 
(b) Owners or operators of onshore 

and offshore facilities that become op
erational after the effective date of this 
part, and that have discharged or could 
reasonably be expected to discharge oil 
in harmful quantities, as defined in 40 
CFR Part 110. into or upon the navigable 
waters of the United States or adjoining 
shorelines, shall prepare an SPCC Plan 
In accordance with § 112.7. Except as 
provided for in paragraph (f) of this sec
tion, such SPCC Plan shall be prepared 
within six months after the date such 
facility begins operations and shall be 
' ''y implemented as soon as possible. 

not later than one year after such 
facility begins operations. 

(e) Owners or operators of onshore 
and offshore mobile or portable facilities, 
such as onshore drilling or workover rigs, 
barge mounted offshore drilling or work-
over rigs, and portable fueling facilities 
shall prepare and implement an SPCC 
Plan as required by paragraphs (a), (b) 
and (d) of this section. The owners or 
operators of such facility need not pre
pare a new SPCC Plan each time the 
facility is moved to a new site. The SPCC 
Plan may be a general plan, prepared In 
accordance with section 112.7, using good 
engineering practice. When the mobile or 
portable facility is moved, it must be lo
cated and installed using the spill pre
vention practices outlined In the SPCC 
Plan for the facility. No mobil; or port
able facility subject to this regulation 
shall operate unless the SPCC Plan has 
been implemented. The SPCC Plan shall 
only apply while the facility is In a 1xed 
• non-transoortatlon>- operating mode. 

[41 FR 12657, March 26, I9761 

(d) No SPCC Plan shall be effective 
to satisfy the requirements of this part 
unless it has been reviewed by a Regis
tered Professional Engineer and certi
fied to by such Professional Engineer. 
By means of this certification the en
gineer, having examined the facility and 

ng familiar with the provisions of this 
. A. shall attest that the SPCC Plan has 
been prepared in accordance with good 

engineering practices. Such certification 
shall in no way relieve the owner or op
erator of an onshore or offshore facility 
of his duty to prepare and fully imple
ment such Plan in accordance with 
I 112.7. as required by paragraphs (a), 
(b) and (c) of this section. 

(e) Owners or operators of a facility 
for which an SPCC Plan is required pur
suant to paragraphs (a), (b) or'(c) of 
this section shall maintain a complete 
copy of the Plan at such facility if the 
facility is normally attended at least 8 
hours per day. or at the nearest field 
office if the facility Is not so attended, 
and shall make such Plan available to 
the Regional Administrator for on-site 
review during normal working hours. 

(f) Extensions of time. 
(1) The Regional Administrator may 

authorize an extension of time for the 
preparation and full Implementation of 
an SPCC Plan beyond the time permitted 
for the preparation and implementation 
of an SPCC'Plan pursuant to paragraphs 
(a), (b) or (c) of this section where he 
finds that the owner or operator of a 
facility subject to paragraphs (a), (b) 
or (c) of this section cannot fully com
ply with the requirements of this part 
as a result of either nonavailability of 
qualified personnel, or delays in con
struction or equipment delivery beyond 
the control and without the fault of such 
owner or operator or their respective 
agents or employees. 

(2) Any owner or operator seeking an 
extension of time pursuant to paragraph 
(f) (1) of this section may submit a letter 
of request to the Regional Administrator. 
Such letter shall include: 

(I) A complete copy of the SPCC Plan. 
If completed: 

(II) A full explanation of the cause for 
any such delay and the specific aspects 
of the SPCC Plan affected by the delay: 

(III) A full discussion of actions being 
taken or contemplated to minimize or 
mitigate such delay; 

(iv) A proposed time schedule for the 
Implementation of any corrective actions 
being taken or contemplated, including 
Interim dates for completion of tests or 
studies, installation and operation of any 
necessary equipment or other preventive 
measures. 

In addition, such owner or operator may 
present additional oral or written state
ments in support of his letter of request. 

(3) The submission of a letter of re
quest for extension of time pursuant to 
paragraph '(f) (2) of this section shall in 
no way reileve the owner or operator 
from his obligation to comply with the 
requirements of i 112.3 (a), (b) or (c). 
Where an extension of time is authorized 
by the Regional Administrator for par
ticular equipment or other specific as
pects of the SPCC Plan, such extension 
shall in no way affect the owners or op
erator's obligation to comply with the 
requirements of § 112.3 (a), (b) or (c) 
with respect to other equipment or other 
specific aspects of the SPCC Plan for 
which an extension of time has not been 
expressly authorized. 

E n v i r o n m e n t R a p o r l a r 

J 112.4 Amendment of SPCC Plana by 
Regional Administrator. 

(a) Notwithstanding compliance with 
I 112.3. whenever a facility subject to 
I 112.3 (a), (b) or (c) has: Discharged 
more than 1,000 US. gallons of oil into 
or upon the navigable waters of the 
United. States or adjoining shorelines in 
a single spill event, or discharged oil in 
harmful quantities, as denned in 40 CFR 
Part 110. Into or upon the navigable 
waters of the United States or adjoining 
shorelines in two spul events, reportable 
under section 3 1 1 ( b ) o f the FWPCA. 
occurring within any twelve month pe
riod, the owner or operator of such fa
cility shall submit to the Regional Ad
ministrator, within 80 days from the time 
such facility becomes subject to this sec
tion, the following: 

(1) Name of the facility; 
(2) Name(s) of the owner or operator 

of the facility; 
(3) Location of the faculty; 
(4) Date and year of initial facility 

operation: 
(5) vfavimirm storage or handling ca

pacity of the faculty and normal daily 
throughput; 

(6) Description of the facility. Includ
ing maps, flow diagrams, and topograph
ical maps: 

(7) A complete copy of the SPCC Plan 
with any amendments: 

(8) The cause<s) of such spill, includ
ing a failure analysis of system or sub
system in which the failure occurred: 

(9) The corrective actions and/or 
countermeasures talcen. Including an 
adequate description of equipment re
pairs and/or replacements; 

(10) Additional preventive measures 
taken or contemplated to minimize the 
possibility of recurrence: 

(11) Such other information as the 
Regional Administrator nay reasonably 
require pertinent to the Plan or spuM 
event. 

(b) Section U2.4 shall not apply until 
the expiration of the time permitted for 
the preparation and Implementation of 
an SPCC Plan pursuant to 3 112.3 (a), 
(b), (c) and (f). 

(c) A complete copy of all information 
provided to the Regional Administrator 
pursuant to paragraph (a) of this section 
shall be sent at the same time to the 
State agency in charge of water pollu
tion control activities In and for the 
State in which the facility Is located. 
Upon receipt of such information such 
State agency may conduct a review and 
make recommendations to the Regional 
Administrator as to further procedures, 
methods, equipment and other require
ments for equipment necessary to pre
vent and to contain discharges of oil 
from such facility. 

(d) After review of the SPCC Plan for 
a facility subject to paragraph (a) of 
this section, together with all other in
formation submitted by the owner or 
operator of such facility, and by the 
State agency under paragraph (c) of 
this section, the Regional Administra
tor may require the owner or operator 
of such facility to amend the SPCC Plan 
if he finds that the Plan does not meet 
the requirements of this part or that 
the amendment of the Plan Is neces-

ISee. 112.4(d)! 
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sary to prevent and to contain discharges 
of oil from such facility. 

(e) When the Regional Administra
tor proposes to require an amendment to 
the SPCC Plan, he shall notify the fa
cility operator by certified mail addressed 
to, or by personal delivery to. the faculty 
owner or operator, that he proposes to 
require an amendment to the Plan, and 
shall specify the terms of such amend
ment. If the facility owner or opera
tor is a corporation, a copy of such 
notice shall also be mailed to the regis
tered agent, if any, of such corporation 
in the State where such facility is lo
cated. Within 30 days from receipt of 
such notice, the facility owner or opera
tor may submit written information, 
views, and arguments on the amendment. 
After considering all relevant material 
presented, the Regional Administrator 
shall notify the facility owner or opera
tor of any amendment required or shall 
rescind the notice. The amendment re
quired by the Regional Administrator 
shall become part of the Plan 30 days 
after such notice, unless the Regional 
Administrator, for good cause, shall 
specify another effective date. The owner 
or operator of the facility shall imple
ment the amendment of the Plan as soon 
as possible, but not later than six 
months after the amendment becomes 
part of the Plan, unless the Regional Ad
ministrator specifies another date. 

<f) An owner or operator may appeal 
a decision made by the Regional Admin
istrator requiring an amendment to an 
SPCC Plan. The appeal shall be made to 
the Administrator of the United States 
Environmental Protection Agency and 
must be made in writing within 30 days 
of receipt of the notice from the Regional 
Administrator requiring the amendment. 
A complete copy of the appeal must be 
sent to the Regional Administrator at the 
time the appeal is made. The appeal shall 
contain a clear and concise statement of 
the issues and points of fact in the case. 
It may also contain additional informa
tion from the owner or operator, or from 
any other person. The Administrator or 
his designee-may request additional in
formation from the owner or operator, 
or from any other person. The Adminis
trator or his designee shall render a de
cision within 60 davs of receiving the ap
peal and shall notify the owner or oper
ator of his decision. 

[41 FR 12657, March 26, 1976] 

§ 112.5 Amendment of Spill Prevention 
Control and Countermeaaare Plans by 
owners or operators. 

(a) Owners or operators of facilities 
subject to i 112.3 (a), (b) or (c) shall 
amend the SPCC Plan for such facility 
In accordance with i 112.7 whenever 
there is a change in facility design, con
struction, operation or maintenance 
which materially affects the facility's 
potential for the discharge of oil into or 
upon the navigable waters of the United 
States or adjoining shorelines. Such 
amendments shall be fully Implemented 
as soon as possible, but not later than 
six months after such change occurs. 

(b) Notwithstanding compliance with 
paragraph (a) of this section, owners 

and operators of facilities subject to 
{ U2.3 (a), (b) or (c> shall complete a 
review and evaluation of the SPCC Plan 
at least once every three years from the 
date such facility becomes subject to this 
part. As a result of this review and eval
uation, the owner or operator shall 
amend the SPCC Plan within six months 
of the review to Include more effective 
prevention and control technology if: 
(1) Such technology will significantly 
reduce the likelihood of a spill event 
from the facility, and (2) If such tech
nology has been field-proven at the time 
of the review. 

(c) No amendment to an SPCC Plan 
shall be effective to satisfy the require
ments of this section unless it has been 
certified by a Professional Engineer In 
accordance with §112.3(d). 

S 112.6 Civil penalties for violation of 
Oil Pollution Prevention Regulations. 

Owners or operators of facilities sub
ject to 5112.3(a). (b) or (c) who violate, 
the requirements of this Part 112 by 
failing -r refusing to comply with any of 
the provisions of 1112.3. i 112.4 or 
! 112.5 shall be liable for a civil penalty of 
not more than $5,000 for each day such 
violation continues. ClvQ penalties shall 
be imposed in accordance with proce
dures set out in Part 114 of this sub
chapter O. 

§ 112.7 Guidelines for tlie preparation 
and implementation of a Spill Pre
vention Control and Countermeasure 
Plan. 

The SPCC Plan shall be a carefully 
thought-out plan, prepared in accordance 
with good engineering practices, and 
which has the full approval of manage
ment at a level with authority to com
mit the necessary resources. If the plan 
calls for additional facilities or proce
dures, methods, or equipment not yet 
fully operational, these items should be 
discussed in separate paragraphs, and 
the details of installation and opera
tional start-up should be explained sep
arately. The complete SPCC Plan shall 
follow the sequence outlined below, and 
Include a discussion of the facility's con
formance with the appropriate guidelines 
listed: 

(a) A facility which has experienced 
one or more spill events within twelve 
months prior to the effective date of this 
part should include a written descrip
tion of each such spill, corrective action 
taken and plans for preventing 
recurrence. 

(b) Where experience indicates a rea
sonable potential for equipment failure 
(such as tank overflow, rupture, or leak
age), the plan should Include a pre
diction of the direction, rate of flow, and 
total quantity of oil which could be dis
charged from the facility as a result of 
each major type of failure. 

(c> Appropriate containment and/or 
diversionary structures or equipment to 
prevent discharged oil from reaching a 
navigable water course should be pro
vided. One of the following preventive 

systems or its equivalent should be 
used as a minimum: 

(1) Onshore facilities. 
(1) Dikes, berms or retaining wails 

sufficiently impervious to contain spiilec 
oil 

(U) Curbing 
(111) Culvertlng. gutters or other 

drainage systems 
(lv) Weirs, booms or other barriers 
(v) Spill diversion ponds 
(vi) Retention ponds 
(vii) Sorbent materials 
(2) Offshore facilities. 
(I) Curbing, drip pans 
(II) Sumps and collection systems 
(d) When it is determined that the 

installation of structures or equipmen: 
listed in 1112.7(c) to prevent dischargee 
oil from reaching the navigable waters 
Is not practicable from any onshore cr 
offshore facility, the owner or operator 
should clearly demonstrate such Im
practicability and provide the follow
ing: 

(1) A strong oil spill contingency plan, 
following the provision of 40 CFR Par-. 
109. 

(2) A written commitment of mac-
power, equipment and materials re
quired to expeditiously control aad re
move any harmful quantity of oil dis
charged. 

(e) In addition to the minimal p.. 
vention standards listed under 5 112." 
(c), sections of the Plan should induce 
a complete discussion of conformar.ca 
with the following applicable guidelines, 
other effective spill prevention and con
tainment procedures (or. if more strin
gent, with State rules, regulations ann 
guidelines): 

(I) Facility drainage (onshore) : (ex
cluding production facilities). (1) Drain
age from diked storage areas should be 
restrained by valves or other posit:r» 
means to prevent a spill or other exces
sive leakage of oil into the drainage sys
tem or inplant effluent treatment Sj-s-
tem. except where plan systems'are as
signed to handle such leakage. Dik.ec 
areas may be emptied by pumps or ejec
tors; however, these should be manual" 
activated and the condition of the accu
mulation should be examined before 
starting to be sure no oil will be dis
charged into the water. 

(II) Flapper-type drain valves shoulc 
not be used to drain diked areas. Vaives 
used for the drainage of dited ajea^ 
should, as far as practical, be of man
ual. open-and.-closed design. Whs-
plant drainage drains directly iz.u: 
water courses and not into wastewa:*r 
treatment plants, retained storm WULAT 
should be Inspected as provided in pars-
graph (e)(2) (ill) (B, C and D) befcr? 
drainage. 

(ill) Plant drainage systems from un-
diked areas should, if possible, flow in"-? 
ponds, lagoons or catchment basins, de
signed to retain oil or return it to tn? 
facility. Catchment basins should not :m 
located in areas subject to perioc: 
flooding. 

(lv) If plant drainage 13 not en
gineered as above, the final discharge C; 
all in-plant ditches should be equippec 
with a diversion system that could, in 
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tho event of an uncontBoUed spill, return 
the oil to the plant. 

(v) Where drainage waters are treated 
In more than one treatment unit, nat
ural hydraulic flow should be used. If 
•ump transfer Is needed, two "lift" 

ps should be prorated, and at least 
L of the pumps shodtt be permanently 
Installed when such treatment Is con
tinuous. In any event whatever tech
niques are used facility drainage systems 
should be adequately engineered to pre
vent oil from reaching navigable waters 
In the event of eqmnrnent failure or 
human error at the facility. 

(2) Bulk storage tarda (onshore); (ex
cluding production facilities). (1) No 
tanlc should be used iar the storage of 
oil its material and construction 
are compatible with the material stored 
and conditions of storage such as pres
sure and temperature, etc. 

(ii) All bulk storage tank installations 
should be constructed so that a second
ary means of containment is provided for 
the entire contents of the largest single 
tank plus sufficient freeboard to allow 
for precipitation. Diked areas should be 
sufficiently Impervious to contain spilled 
oil Dikes, containment curbs, and pits 
are commonly employed for this purpose, 
but they may not always be appropriate. 
An alternative system could consist of a 
complete drainage trench enclosure ar
ranged so that a spifl could terminate 
and be safely confined in an in-plant 
catchment basin or holding pond. 

(iii) Drainage of rainwater from the 
diked area into a storm drain or an efflu
ent' discharge that empties into an open 
water course, lake, or pond, and bypass-

the in-plant treatment system may 
u .±cceptable If: 

(A) The bypass valve is normally 
sealed closed. 

(B) Inspection of the run-off rain 
water ensures compliance with appli
cable water quality standards and will 
not cause a harmful discharge as defined 
in 40 CFR 110. 

(C) The bypass valve is opened, ana 
reseaied following drainage under re
sponsible supervision. 

(D) Adequate records are kept of 
such events. 

(iv) Buried metallic storage tanks rep
resent a potential for undetected spills. 
A new buried Installation should be pro
tected from corrosion by coatings, 
cathodic protection or other effective 
methods compatible with local soil con
ditions. Such buried tanks should at least 
be subjected to regular pressure testing. 

(v) Partially buried metallic tanks for 
the storage of oil should be avoided, un
less the buried section of the shell is ade
quately coated, since partial burial in 
damp earth can cause rapid corrosion of 
metallic surfaces, especially at the earth/ 
air interface. 

(vt) Aboveground tanks should be 
subject to periodic integrity testing, tak
ing into account tank design (floating 
roof, etc.) and using such techniques as 
hydrostatic testing, visual Inspection or a 
system of non-destructive shell thickness 

, Testing. Comparison records should be 
Pt where appropriate, and tank sup

ports and foundations should be in
cluded in these Inspections. In addition, 
the outside of the tank should fre
quently be observed by operating person
nel for signs of deterioration, leaks 
which might cause a sptll. or accumula
tion of oil Inside diked areas. 

(vii) To control leakage through de
fective Internal heating coils, the fol
lowing factors should be considered and' 
applied, as appropriate. 

(A) The steam return or exhaust lines 
from Internal heating coils which dis
charge into an open water course should 
be monitored for contamination, or 
passed tihrough a settling tank, skimmer, 
or other separation or retention system. 

(B) The feasibility of installing an ex
ternal heating system should also be con
sidered. 

(viii) New and old tank installations 
should, as far as practical, be fail-safe 
engineered or updated Into a fail-safe 
engineered installation to avoid spills. 
Consideration should be given to provid
ing one or more of the following devices: 

(A) High liquid level alarms with an 
audible or visual signal at a constantly 
manned operation or surveillance sta
tion: in smaller plants an audible air 
vent may suffice. 

(B) Considering size and complexity 
of the facility, high liquid level pump 
cutoff devices set to stop flow at a pre
determined tank content level. 

(C) Direct audible or code signal com
munication between the tank gauger and 
the pumping station. 

(D) A fast response system for deter
mining the liquid level of each bulk .stor
age tank such as digital computers, tele-
pulse, or direct vision gauges or their 
equivalent. 

(E) Liquid level sensing devices should 
be regularly tested to insure proper 
operation. 

(ix) Plant effluents which are dis
charged into navigable . waters should 
have disposal facilities observed fre
quently enough to detect possible system 
upsets that could cause an oil spill event. 

(x) Visible oil leaks which result in a 
loss of oil from tank seams, gaskets, rivets 
and bolts sufficiently large to cause the 
accumulation of oil in diked areas should 
be promptly corrected. 

(xi) Mobile or portable oil storage 
tanks (onshore) should be positioned or 
located so as to prevent spilled oil from 
reaching navigable waters. A secondary 
means of containment, such as dikes or 
catchment basins, should be furnished 
for the largest single compartment or 
tank. These facilities should be located 
where they will not be subject to periodic 
flooding or washout. 

(3) Facility transfer operations, pump
ing, and in-plant process (onshore); (ex* 
eluding production facilities). (1) Buried 
piping Installations should have a pro
tective wrapping and coating and should 
be cathodically protected if soil condi
tions warrant. If a section of buried line 
is exposed for any reason, it should be 
carefully examined for deterioration. If 
corrosion r.-.mags Is found, additional 
examination and corrective action should 
be taken as indicated by the magnitude 
of the damage. An alternative would be 
the more frequent use of exposed pipe 
corridors or galleries. 

(11) When a pipeline is not in service, 
or in standby service for an extended 
time the terminal connection at the 
transfer point should be capped or 
blank-flanged, and marked as to origin. 

(ill) Pipe supports should be properly 
designed to minimize abrasion and cor
rosion and allow for exoansion and con
traction. 

E n v i r o n m e n t R t p a r r t r 

(lv) All aboveground valves and pipe
lines should be subjected to regular ex
aminations by operating personnel at 
which time the general condition of 
Items, such as flange joints, expansion 
joints, valve glands and bodies, catch 
pans, pipeline supports, locking of valves, 
and metal surfaces should be assessed. In 
addition, periodic pressure testing may 
be warranted for p-omg in areas where 
facility drainage Is such that a failure 
misht lead to a spill event. 

(v) Vehicular traffic granted entry into 
the facility should be warned verbally 
or by appropriate signs to be sure that 
the vehicle, because of its size, will not 
endanger above ground piping. 

(4) Facility tank car and tank truck 
loading/unloading rack (onshore). (1) 
Tank car and tank truck loading/un
loading procedures should meet the min
imum requirements and regulation estab
lished by the Department of Transpor
tation 

(11) Where rack area drainage does 
not flow into a catchment basin or treat
ment facility designed to handle spills, a 
quick drainage system should be used for 
tank truck loading and unloading areas. 
The containment system should be de
signed to hold at least maximum capacity 
of any single compartment of a tank car 
or tank truck loaded or unloaded in the 
plant. 

(iii) An Interlocked warning light or 
physical barrier system, or warning 
signs, should be provided in loading/un
loading areas to prevent vehicular de
parture before complete disconnect of 
flexible or fixed transfer lines. 

(iv) Prior to filling and departure of 
any tank car or tank truck, the lower
most drain and all outlets of such ve
hicles should be closely examined for 
leakage, and if necessary, tightened, ad
justed, or replaced to prevent liquid 
leakage while in transit. 

(5) Oil production facilities (onshore). 
(\) Definition. An onshore production fa
cility may include all wells, flowiines, 
separation equrpment. storage facilities, 
gathering lines, and auxiliary non-trans
portation-related equipment and facili
ties In a single geographical oil or gas 
field operated by a single operator. 

(11) Oil production facility (onshore) 
drainage. (A) At tank batteries and cen
tral treating stations where an acci
dental discharge of oil would have a 
reasonable possibility of reaching navi
gable waters, the dikes or equivalent re
quired under 5 112.7(c)(1) should have 
drains closed and sealed at all times 
except when rainwater is being drained. 
Prior to drainage, the diked area should 
be Inspected as provided in paragraph 
<e)(2)(lil) (B). O . and (D). Accumu
lated oil on the rainwater should be 
picked up and returned to storage or dis
posed of in accordance with approved 
methods. 

(B) Field drainage ditches, roan 
ditches, and oil traps, sumps or skim
mers, if such exist, should be inspected 
at regularly scheduled intervals for ac
cumulation of oil that may have escaped 
from small leaks. Any such accumula
tions should be removed. 

(hi) Oil production facility (onshore) 
bulk storage tanks. (A) No tank should 
be used for the storage of oil unless its 
material and construction are compati
ble with the material stored and the 
conditions of storage. 

[Ssc 112.7 (si (5) (iii) I 
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(B> All tank battery and central treat
ing' plant Installations should be provided 
with a secondary means of containment 
for the entire contents of the largest sin
gle ^"ir if feasible, or alternate systems 
such as those outlined in I 112.7(c) (1). 
Drainage from undiked areas should be 
safely confined in a catchment basin or 
holding pond. 

<C) All tanks containing oil should be 
visually examined by a competent per
son for condition and need for mainte
nance on a scheduled periodic basis. 
Such examination should include the 
foundation and supports of tanks that 
are above the surface of the ground. 

D) New and old tank battery installa
tions should, as far as practical, be fail
safe engineered or updated into a fail
safe engineered installation to prevent 
spuls. Consideration should be given to 
one or more of the fc owing: 

(1) Adequate tank capacity to assure 
that a tank will not overfill should a 
pumper/gauger be delayed in making his 
regular rounds. 

(2) Overflow equalizing lines between 
tanks so that a full tank can overflow to 
an adjacent tank. 

(J) Adequate vacuum protection to 
prevent tank collapse during a pipeline 
run. 

(4) High level sensors to generate and 
transmit an alarm signal to the computer 
where facilities are a part of a computer 
production control system. 

(iv) Facility transfer overations, oil 
production facility (onshore). (A) All 
above ground valves and pipelines should 
be examined periodically on a scheduled 
basis for general condition of items such 
as flange Joints, valve glands and bodies, 
drip pans, pipeline supports, pumping 
well polish rod stuffing boxes, bleeder and 
gauge valves. 

(B) Salt water (oil field brine) dis
posal facilities should be examined of ten, 
particularly following a sudden change in 
atmospheric temperature to detect pos
sible system upsets that could cause an 
oil discharge. 

(C) Production facilities should have 
a program of flowllne maintenance to 
prevent spills from this source. The pro
gram should include periodic examina
tions, corrosion protection, flowline re
placement, and adequate records, as ap
propriate, for the individual facility. 

(8) Oil drilling and workover facilities 
(onshore) (1) Mobile drilling or workover 
equipment should be positioned or lo
cated so as to prevent spilled oil from 
reaching navigable waters. 

(II) Depending on the location, catch
ment basins or diversion structures may 
be necessary to intercept and contain 
spills of fuel, crude oil. or oily drilling 
fluids. 

(III) Before drilling below any casing 
string or during workover operations, a 
blowout prevention (BOP) assembly and 
well control system should be installed 
that is capable of controlling any well 
head pressure that is expected to be 
encountered while that BOP assembly is 
on the well. Casing and BOP Installations 
should be in accordance with State reg
ulatory agency requirements. 

(7) Oil drilling, production, or work-
over facilities (otJshorei. (i) IDefinition: 
"An oil drilling, production or workover 
facility (offshore)" may include all drill
ing or workover equipment, wells, flow-
lines, gathering lines, platforms, and 
auxiliary nontransportation - related 
equipment and facilities in a single geo
graphical oil or gas field operated by a 
single operator. 

(11) Oil drainage collection equipment 
should be used to prevent and control 
small oil spillage around pumps, glands, 
valves, flanges, expansion Joints, hoses, 
drain lines, separators, treaters. tanks, 
and allied equipment. Drains on the 
facility should be controlled and directed 
toward a central collection sump or 
equivalent collection system sufficient to 
prevent discharges of oil into the naviga
ble waters of the United States. Where 
drains and sumps are not practicable 
oil contained in collection equipment 
should be removed as often as necessary 
to prevent overflow. 

(ill) For facilities employing a sumo 
system, sump and drains should be ade
quately sized and a spare pump or equiv
alent method should be available to 
remove liquid from the sump and assure 
that oil does not escape. A regular sched
uled preventive maintenance inspection 
and testing; program should be employed 
to assure reliable operation of the liquid 
removal system and pump start-up de
vice. Redundant automatic sump pumps 
and control devices may be required on 
some Installations. 

(iv) In areas where separators and 
treaters are equipped with dump valves 
whose predominant mode of failure is in 
the closed position and pollution risk is 
high, the facility should be specially 
equipped to prevent the escape of olL 
This could be accomplished by extending 
the flare line to a diked ares, i i the sepa
rator is near shore, equipping it with a 
high liquid level sensor that will auto
matically shut-in wells producing to the 
separator, parallel redundant dump 
valves, or other feasible alternatives to 
prevent oil discharges. 

(v> Atmospheric storage or surge tanks 
should be equipped with high liquid level 
sensing devices or other acceptable al
ternatives to prevent oil discharges. 

(vi) Pressure tanks should be equipped 
with high and low pressure sensing de
vices to activate an alarm and/or con
trol the flow or other acceptable alterna
tives to prevent oil discharges. 

(vii) Tanks should be equipped with 
suitable corrosion protection. 

(viii) A written procedure for inspect
ing and testing pollution prevention 
equipment and systems should be pre
pared and maintained at the facility. 
Such procedures should be included as 
part of the SPCC Plan. 

(ix) Testing and Inspection of the pol
lution prevention equipment and systems 
at the facility should be conducted by the 
owner or operator on a scheduled peri
odic basis commensurate with the com
plexity, conditions and circumstances of 
the faculty or other appropriate regula
tions. 

(x) Surface and suosunace wcu i:iuk-
ln valves and devices In use at the facil
ity should be sufficiently described to 
determine method of activation or con
trol. e.g.. pressure differential, change in 
fluid or flow conditions, combination of 
pressure and flow. manualusr remote con
trol mechanisms. Detailed records for 
each well, while not necessarily part of 
the plan should be kept by the owner or 
operator. 

(xi) Before drilling below any casing 
string, and during workover operations 
a blowout preventer (BOP) assembly anc 
weil control system should be installed 
that Is capable of controlling any well
head pressure that is expected to be en
countered while that BOP assembly ' J 
on the welL Casing and BOP Installations 
should be in accordance with State reg
ulatory agency requirements. 

(xii) Extraordinary well control meas
ures should be provided should emer
gency conditions. Including fire, loss of 
control and other abnormal conditions, 
occur. The degree of control system re
dundancy should vary with hazard ex
posure and probable consequences of 
failure. It is recommended that surface 
shut-in systems have redundant or "fail 
close" valvlng. Subsurface safety valves 
may not be needed In producing weUs 
that will not flow but should be installed 
as required by applicable State regula
tions. 

(xiii) In order that there will be no 
misunderstanding of Joint and separate 
duties and obligations to perform worx. 
in a safe and pollution free manner, 
written instructions should be preparer! 
by the owner or operator for contractor: 
and subcontractors to follow whenever 
contract activities include servicing a 
well or systems appurtenant to a well or 
pressure vessel. Such Instructions ace 
procedures should be maintained ax the 
offshore production facility. Under cer
tain circumstances and conditions sucn 
contractor activities may require the 
presence at the facility of an authonzec 
representative of the owner or operate r 
who would Intervene when necessary to 
prevent a spill event. 

(xiv) All manifolds (headers) should 
be equipped with check valves on Indi
vidual flowlines. 

(xv) II the shut-in well pressure u 
greater than the working pressure of th? 
flowline and manifold valves up to a.- -
including the header valves associat^c 
with that individual flowline. the flow-
line should be equipped with a high pres
sure sensing device and shutln valve i-
the wellhead unless provided with a pres
sure relief system to prevent over pres
suring. 

(xvi) All pipelines appurtenant to thi 
facility should be protected from corro
sion. Methods used, such as protec:;-.-
coatlngs or cathoaic protection. shou_n 
be discussed. 

(xvii) Sub-marine pipelines appurten
ant to the facility should be adequate.-
protected against environmental stresses 
and other activities such as -
operations. 

(xvul) Sub-marine pipelines appurten
ant to the facility should be in gcoc 
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operating condition at all tunes and In
spected on a scheduled periodic basis lor 
failures. Such Inspections should be 
documented and maintained at the 
facihty. 

(8) Inspections and records. Inspec-
•*' t s required by this part should be In 

ordance with written procedures de-
vr -sd for the facility by the owner or 
ou .tor. These written procedures and 
a record of the inspections, signed by the 
appropriate supervisor or inspector, 
should be made part of the SPCC Plan 
and maintained for a period of three 
years. 

(9) Security (excluding oil production 
/acuities). (1) All plants handling, proc
essing, and storing oil should be fully 
fenced, and entrance gates should be 
locked and/or guarded when the plant 
is not in production or is unattended. 

(11) The master flow and drain valves 
and any other valves that' will permit 
direct outward flow of the tank's con
tent to the surface should be securely 
locked In the closed position when in 
"on-operating or non-standby status. 

( :ii!) The starter control on all oil 
- „amps should be locked in the "off" 
position or located at a site accessible 
only to authorized personnel when the 
pumps are in a non-operating or non-
standby status. 

(lv) The 'loading/unloading connec
tions of oil pipelines should be securely 
capped or blank-flanged when not in 
service or standby service for an ex
tended time. This security practice 
should also apply to pipelines that are 
emptied of liquid content either by 
'raining or by Inert gas pressure. 

(v) Facility lighting should be com-
zr orate with the type and location of 
thw facility. Consideration should be 
given to: (A) Discovery of spills oc
curring during hours of darkness, both 
by operating personnel. If present, and 
by non-operating personnel (the gen
eral public, local police, etc.) and (B) 
Prevention of spills occurring through 

^ s of vandalism. 
(10) Personnel, training and spill 

prevention procedures. (1) Owners or op
erators are responsible for properly in
structing their personnel in the operation 
and maintenance of equipment to pre
vent the discharges of oil and applicable 
pollution control laws, rules and regula
tions. 

(11) Each applicable facility should 
have a designated person who Is account
able for oil spill prevention and who re
ports to line management. 

(Ill) Owners or operators should 
schedule and conduct spill prevention 
briefings for their operating personnel 

• at Intervals frequent enough to assure 
adequate understanding of the SPCC 
Plan for that facility. Such briefings 

should highlight and describe known 
spill events or failures, malfunctioning 
components, and recently developed pre
cautionary measures. 

M e m o r a n d u m of U n d e r s t a n d i n g b e t w e e n 
t h e S e c r e t a r y o f T r a n s p o r t a t i o n a n d t h e A d 
m i n i s t r a t o r o f t h * E n v t r o n m a n t a i P r o t e c t i o n 
A g e n c y . 

sic HUM n — o c T T u m o w a 

T h e E n v i r o n m e n t a l P r o t e c t i o n A g e n c y a n d 
t h e D e p a r t m e n t o f T r a n s p o r t a t i o n a g r e e t h a t 
f o r t h e p u r p o a e s of E x e c u t i v e O r d e r 1 IMS, 
t h e t a r m : 

(11 " N o n - t r a n s p o r t a t i o n - r e l a t e d onshore 
a n d o f f s h o r e f a c u l t i e s " m a a n a : 

( A ) F i x e d o n s h o r e a n d o f f s h o r e o U w e U 
d r i l l i n g f a c i l i t i e s I n c l u d i n g a U e q u i p m e n t 
a n d a p p u r t e n a n c e s r e l a t e d t h e r e t o - u s e d I n 
d r U l i n g o p e r a t i o n s f o r e x p l o r a t o r y or d e v e l o p 
m e n t w e l l s , b u t e x c l u d i n g a n y t e r m i n a l f a c i l 
i t y , u n i t or p r o c e s s I n t e g r a l l y a s s o c i a t e d w i t h 
t h e h a n d l i n g o r t r a n s f e r r i n g of O U i n b u l k t o 
o r f r o m a v e s s e l . 

( B l M o b i l e o n s h o r e a n d o f f s h o r e o U wel l 
d r i l l i n g p l a t f o r m s , b a r g e s , t r u c k s , o r o t h e r 
m o b i l e f a c u l t i e s I n c l u d i n g a l l e q u i p m e n t a n d 
a p p u r t e n a n c e s r e l a t e d t h e r e t o w h a n s u c h 
m o b i l e f a c l i l t l e a a r e f i x e d I n p o s i t i o n f o r the 
p u r p o s e o f d r i l l i n g o p e r a t i o n s f o r e x p l o r a t o r y 
o r d e v e l o p m e n t walls, b u t e x c l u d i n g a n y t e r 
m i n a l f a c i l i t y , u n i t o r p r o c e s s i n t e g r a l l y a s 
s o c i a t e d w i th the h a n d l i n g o r t r a n s f e r r i n g of 
o U I n b u l k t o o r f r o m a vessel . 

( C ) F i x e d onshore a n d offshore o i l p r o d u c 
t i o n s t r u c t u r e s , p l a t f o r m s , d e r r i c k s , a n d r i g s 
I n c l u d i n g a l l e q u i p m e n t a n d a p p u r t e n a n c e s 
r e l a t e d t h e r e t o , a s w e i l as c o m p l e t e d w e l l s 
a n d t h e w e l l h e a d s e p a r a t o r s , o i l s e p a r a t o r s , 
a n d s t o r a g e f a c i l i t i e s u s e d I n t h e p r o d u c t i o n 
o f o i l . b u t e x c l u d i n g a n y t e r m i n a l f a c i l i t y , 
u n i t o r p r o c e s s I n t e g r a l l y a s s o c i a t e d w i t h 
t h e h a n d l i n g o r t r a n s f e r r i n g o f o U I n b u l k 
t o o r f r o m a v e s s e l . 

( D V M o b i l e o n s h o r e a n d o f f s h o r e o i l p r o 
d u c t i o n f a c i l i t i e s i n c l u d i n g a l l e q u i p m e n t 
a n d a p p u r t e n a n c e s r e l a t e d t h e r e t o aa w a l l 
as c o m p l e t e d w e l l s a n d w e l l h e a d e q u i p m e n t , 
p i p i n g f r o m w e l l h e a d s t o o i l s e p a r a t o r s , o i l 
s e p a r a t o r s , a n d s t o r a g e f a c u l t i e s v i sed I n t h e 
p r o d u c t i o n o f o U w h e n s u c h m o b i l e f a c i l i t i e s 
a r e A x e d I n p o s i t i o n f o r t h e p u r p o s e o f o U 
p r o d u c t i o n o p e r a t i o n s , b u t e x c l u d i n g a n y 
t e r m i n a l f a c i l i t y , u n i t o r p r o c e s s i n t e g r a l l y 
a s s o c i a t e d w t t h t h e h a n d l i n g o r t r a n s f e r r i n g 
o f o t l I n b u l k , t o o r f r o m a v e s s e l . 

( E l O U r e f i n i n g f a c u l t i e s I n c l u d i n g a l l 
e q u i p m e n t a n d a p p u r t e n a n c e s r e l a t e d 
t h e r e t o as w e l l a s I n - p l a n t p r o c e s s i n g u n i t s , 
s t o r a g e u n i t s , p i n i n g , d r a i n a g e s y s t e m s a n d 
w a s t e t r e a t m e n t u n i t s u s e d I n t h e r e f i n i n g 
of o i l . b u t e x c l u d i n g a n y t e r m i n a l f a c i l i t y , 
u n i t o r p r o c e s s I n t e g r a l l y a s s o c i a t e d w i t h t h a 
h a n d l i n g o r t r a n s f e r r i n g o f ou I n b u l k t o o r 
f r o m a v e s s e l . 

( F I O i l s t o r a g e f a c i l i t i e s I n c l u d i n g a l l 
e q u i p m e n t a n d a p p u r t e n a n c e s r e l a t e d 
t h e r e t o as w e i l aa fixed b u l k p l a n t s t o r a g e , 
t e r m i n a l o i l s t o r a g e f a c u l t i e s , c o n s u m e r s t o r 
age , p u m p s a n d d r a i n a g e s y s t e m s u s e d I n t h e 
s t o r a g e o f o i l . b u t e x c l u d i n g I n l i n e o r b r e a k 
o u t s t o r a g e t a n k s n e e d e d f o r t h e c o n t i n u o u s 
o p e r a t i o n o f a ' p i p e l i n e s y s t e m a n d a n y 
t e r m i n a l f a c i l i t y , u n i t o r p r o c e s s I n t e g r a l l y 
a s s o c i a t e d w t t h t h a h a n d l i n g o r t r a n s f e r r i n g 
o f o u I n b u l k t o o r f r o m a v e s s e l . 

( O ) I n d u s t r i a l , c o m m e r c i a l , a g r i c u l t u r a l 
o r p u b l i c f a c l U U e s w a t c h u s e a n d s t o r e o i l . 
b u t e x c l u d i n g a n y t e r m i n a l f a c i l i t y , u n i t o r 
p r o c e s s I n t e g r a l l y a e s o e i a t e d w t t h t h e h a n 
d l i n g o r t r a n a f e r r i n g o f o i l I n b u l k t o o r f r o m 
a v e s s e l . 

( H I W a s t e t r e a t m e n t f a c i l i t i e s I n c l u d i n g 
I n - p l a n t p i p e l i n e s , e f f l u e n t d i s c h a r g e l i n e s , 
a n d s t o r a g e t a n k s , b u t e x c l u d i n g w a s t e t r e a t 
m e n t f a c i l i t i e s l o c a t e d o n v e s s e l s a n d t e r m i 
n a l s t o r a g e t a n k s a n d a p p u r t e n a n c e s f o r t h e 
r e c e p t i o n o f o i l y b a l l a s t w a t e r o r t a n k w a s h 
i n g s f r o m v e s s e l s a n d s a a o e i a t e d s y s t e m s u s e d 
f o r o f f - l o a d i n g vaaae i s . 

( I I L o a d i n g r a c k s , t r a n s f e r h o s e s , l o a d i n g 
a r m s a n d o t h e r e q u i p m e n t w h i c h a r e a p 
p u r t e n a n t t o a n o n t r a n s p o r t a t l o n - r e l a t e d 
f a c i l i t y o r t e r m i n a l f a c i l i t y a n d w h i c h a r e 
u s e d t o t r a n s f e r o i l i n b u l k t o o r f r o m h i g h 
w a y v e h i c l e s o r r a i l r o a d c a r s . 

( J ) H i g h w a y v e h i c l e s a n d r a i l r o a d c a r s 
w h i c h a r e u s e d f o r t h e t r a n s p o r t o f o i l e x 
c l u s i v e l y w t t h i n t h a c o n f i n e s o f a n o n t r a n s 
p o r t a t l o n - r e l a t e d f a c i l i t y a n d w h i c h a r e n o t 
I n t e n d e d t o t r a n s p o r t , o i l I n I n t e r s t a t e o r I n 
t r a s t a t e c o m m e r c e . 

( K ) P i p e l i n e s y s t e m s w h i c h a r e u s e d f o r 
t h e t r a n s p o r t o f o i l e x c l u s i v e l y w t t h l n t h e 
c o n f i n e s o f a n o n t r a n s p o r t a t l o n - r e l a t e d f a c i l 
i t y o r t e r m i n a l f a c i l i t y a n d w h i c h a r e n o t I n 
t e n d e d t o t r a n s p o r t o U I n I n t e r s t a t e o r 
i n t r a s t a t e c o m m e r c e , b u t e x c l u d i n g p i p e l i n e 
s y s t e m s u s e d t o t r a n s f e r o U I n b u l k t o o r 
f r o m a v e s s e l . 

(3) ' ' t r a n s p o r t a t i o n - r e l a t e d o n s h o r e a n d 
o f f s h o r e f a c i l i t i e s " m e a n s : 

(A) O n s h o r e a n d o f f s h o r e t e r m i n a l f a c i l i 
t i e s I n c l u d i n g t r a n s f e r h o s e s , l o a d i n g a r m s 
a n d o t h e r e q u i p m e n t a n d a p p u r t e n a n c e s 
u s e d f o r t h e p u r p o s e o f h a n d l i n g o r t r a n s 
f e r r i n g o U I n b u l k t o o r f r o m a v e s s e l a s 
w e l l a s s t o r a g e t a n k s a n d a p p u r t e n a n c e s f o r 
t h a r e c e p t i o n o f o U y b a l l a s t w a t e r o r t a n k 
w a s h i n g s f r o m v e s s e l s , b u t e x c l u d i n g t e r 
m i n a l w a s t e t r e a t m e n t f a c u l t i e s a n d t e r 
m i n a l o U s t o r a g e f a c u l t i e s . 

( B ) T r a n s f e r h o s e s . l o a d i n g a r m s a n d 
o t h e r e q u i p m e n t a p p u r t e n a n t to a n o n 
t r a n s p o r t a t l o n - r e l a t e d f a c i l i t y w h i c h Is u s e d 
t o t r a n s f e r o U In b u l k to o r f r o m a v e s s e l . 

( O I n t e r s t a t e a n d I n t r a s t a t e o n s h o r e a n d 
o f f s h o r e p i p e l i n e s y s t e m s I n c l u d i n g p u m p s 
a n d a p p u r t e n a u c e s r e l a t e d t h e r e t o as w e l l 
a a l n - l l n e o r b r e a k o u t s t o r a g e t a n k s n e e d e d 
f o r t h e c o n t i n u o u s o p e r a t i o n o f a p i p e l i n e 
s y s t e m , a n d p i p e l i n e s f r o m o n s h o r e a n d o f f 
s h o r e o U p r o d u c t i o n f a c i l i t i e s , b u t e x c l u d i n g 
o n s h o r e a n d o f f s h o r e p i p i n g f r o m w e l l h e a d s 
t o o U s e p a r a t o r s a n d p i p e l i n e s w h i c h s r e 
u s e d f o r t h e t r a n s p o r t o f o U e x c l u s i v e l y 
w i t h i n t h e c o n f i n e s o f a n o n t r a n s p o r t a t l o n -
r e l a t e d f a c u l t y o r t e r m i n a l f a c u l t y a n d 
w h i c h a r e n o t I n t e n d e d t o t r a n s p o r t o i l i n 
I n t e r s t a t e o r I n t r a s t a t e c o m m e r c e o r t o 
t r a n s f e r o U I n b u l k t o o r f r o m a v e s s e l . 

( D ) H i g h w a y v e h i c l e s a n d r a u r o a d c a r s 
w h i c h a r e u s e d f o r t h e t r a n s p o r t o f o U i n 
I n t e r s t a t e o r I n t r a s t a t e c o m m e r c e a n d t h e 
e q u i p m e n t a n d a p p u r t e n a n c e s r e l a t e d 
t h e r e t o , a n d e q u i p m e n t u s e d f o r t h e f u e l i n g 
o f l o c o m o t i v e u n i t s , a s w e U aa t h a r i g h t s -
o f - w a y o n w h i c h t h e y o p e r a t e . E x c l u d e d a r e 
h i g h w a y v e h i c l e s a n d r a i l r o a d c a r s a n d m o 
t i v e p o w e r u s e d e x c l u s i v e l y w t t h l n t h e c o n -
t i n e a o f a n o n t r a n s p o r t a t l o n - r e l a t e d f a c i l i t y 
o r t e r m i n a l f a c u l t y a n d w h i c h a r e n o t i n 
t e n d e d f o r u s e I n I n t e r s t a t e o r i n t r a s t a t e 
c o m m e r c e . 
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ATTACHMENT G-3 

CONTINGENCY PLAN INCIDENT REPORTS 

CHICAGO REFINERY 



INCIDENT REPORTS 

The C h i c a g o R e f i n e r y h a s h a d no i n c i d e n t s o r e m e r g e n c i e s 

t h a t r e q u i r e d t h e i m p l e m e n t a t i o n of t h i s Contingency P l a n . 

Should such an i n c i d e n t o c c u r , t h e n c o p i e s o f a n y i n c i d e n t 

r e p o r t s w o u l d be a d d e d t o t h i s C o n t i n g e n c y P l a n as p a r t of 

t h i s Attachment G-3. 



ATTACHMENTS TO FIGURE G-4 

COPIES OF SIGNED, CERTIFIED 

MAIL RECEIPTS FOR 

CONTINGENCY PLAN 



o 
3 
Co 

OS 

0 S E N D E R : Complete items 1. 2 .3 and 4. 

Put your address in the "RETURN TO" space on the 
reverse aide. Failure to do this will prevent this card from 
being returned to vou. The return receipt fee will f.oy.'dj 
you the name of the parson delivered to and the o>'» of 
delivery. For additional leas the following servient are 
available. Consult postmaster for fees and check box(es) 
for service(s) requested. 

1. Q Show to whom, date and address of delivery. 

2. CD Restricted Delivery. 

3. Article Addressed to: 

Mr. Don Knauer 

P e o p l e s Gas L i g h t S Coke 

Route 1 Box 64-D 

Elwood, IL 60421 

4. Type of Service: 

D Registered D Insured 
>Q Certified • COD 
0 Express Mail 

ArticteNumber 

P088720260 

Always obtain signature ot addressee or agent and 
DATE DELIVERED. 

5. Signature — Addresseê /1

 4 

6/^ignature — Agent w 

7. Date o* Delivery . 

7-
8. Addressee s Address (ONL Y if requested and fee paid) 

£ « t S E N D E R : Complete items 1, 2, 3 and 4. 

Put your address in the "RETURN TO" space on the 
reverse side. Failure to do this will prevent this card from 
being returned to you. Tha return receipt fee will provide 
you the name of the parson dalivered to and the date of 
delivery. For e 
available. Cons 
for service(s) requested. 

i B i i v » r y . ror additional tea* the following services are 
ivailable. Consult postmaster for fees and check box(es) 

1. y Show to whom, date and address of delivery. 

2. • Restricted Delivery. 

3. Article Addressed to: 

S h e r i f f John H. S h e l l e y 

W i l l County S h e r i f f ' s Dept. 

14 W. J e f f e r s o n S t . 

J o l i e t , IL 60431 

4. Type of Service: 

• Registered • Insured 
0 Certified • COD 
• Express Mail 

Article Number 

P088720257 

Always obtain signature of addressee or_agent and 
DATE DELIVERED. A 

fluT 5. S\gn^re — AddresseeT 

6. Sfgnatu/e — Agen, 

ite of Delivery , 

dressee s Address {(JNLY i 8. Addressee s Address (0NLYifrequested and fee paid) 

LP SENDER: Complete items 1. 2, 3 and 4. 
Put your addrex inthe**R£*IURN TO" space on the 
reverse side. Failure to do this will prevent this card from 
being returned to you. The return receipt tea will prpvidj 
you the name of the person ofituerttf to ano th*» dale of 
delivery. For additional f#*c the {otiowing services are 
available. Consult postmaster for fees and check box(es) 
for serviceCs) requested. 

1. Show To whom, date and address of delivery. 

2. • Restricted Delivery. 

3. Article Addressed to: 

C h i e f James M i l l e r 

Route 7 and 7th 

L o c k p o r t , IL 6044« 

4. Type of Service: 

• Registered • Insured 
G3 Certified O COD 
D Express Mail 

Article Number 

P088720266 

Always obtain signature of addressee or agent and 
DATE DELIVERED. 

© S E N D E R : Complete items 1, 2,3 and 4. 

Put your addrex in the "RETURN TO" space on the 
reverse side. Failure to do this will prevent this card from 
being returned to you. The return receipt lee will provide 
you the n i m i ot the parson de 11 vred to ana the cia la of 
delivery. For additional 1»« tn« following services are 
available. Consult postmaster for fees and check boxlesV 
for service(s) requested. 

1. Show to whom, date and address of delivery. 

2. • Restricted Delivery. 

3. Article Addressed to: 

Mr. Keyton Nixon 

S i l v e r C r o s s H o s p i t a l 

1200 Maple Road 

J o l i e t , IL 60432 

4. Type of Service: 

• Registered • Insured 
E3 Certified • COD 
D Express Mail 

Article Number 

P088720258 

Always obtain signature of addressee or agent and 
DATE DELIVERED. 

5. Signature"1- Addressee 

6. Signature - Agent 

X 

7. Date of Deliver 

toVL 2 4-j&f 
8. Addressee $ Address (ONL Y if requested and fee paid) 
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ĝr SENDER: Complete items 1. 2. 3 and 4. 
Put your address in the "RETURN TO" space on the 
revers- side. Failure to do this will prevent this caro from 
being returnea to you. The return receipt will provide 
you the name ot the parson delivered to and the d«te o* 
delivery. For additional tees the following services are 
available. Consult postmaster for fees ano check box(es) 
for service(s) requested. 

1. XJ Show to whom, date and address of delivery. 

2. G Restricted Delivery. 

3. Article Addressed to: 
L. L. Smith , MobM Oi1 Co. 

P.O. Box 874 

J o l i e t , IL 6 0434 

4. Type of .Service: 

• Registered • Insured 
Q Certified • COD 
D Express Mail 

Article Number 

P 0 8 8 7 2 0 2 5 9 

Always obtain signature of addressee or agent and 
D A T E DELIVERED. 

O 
O 
2 
m 

o 
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m 
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8. Addressee s Address (ONLY if requested and fee paid) 

V bfcNUER: Complete items 1. 2.3 and 4. 

Put your address in the "RETURN TO" space on the 
reverse side. Failure to do this will prevent this card from 
being returned to you. The leturn receipt fee will provide, 
you the name of the person Delivered to and the data ot 
delivery. For edditional teas the following services are 
available. Consult postmaster for fee* and check box(es) 
tor service(s) requested. 

1. ̂ rp Show to whom, date and address of delivery. 

2. • Restricted Delivery. 

3. Article Addressed to: 
C h i e f Robert S t a r k 

R o m e o v i l l e P o l i c e Dept. 

10 Montrose 

R o m e o v i l l e , IL 6 0 4 4 1 

4. Type of Service: 

• Registered • Insured 
Q Certified • COD 
D Express Mail 

Article Number 

P 0 8 8 7 2 0 2 5 6 

Always obtain signature of addressee or agent and 
DATE DELIVERED. 

5. Signature — Addressee 

xf7 Z S,-:r ;:/ 
f Signature —"Agent X 

7. Date of^elivery 

8. Addressee s Address (ONL Y if requested and fee paid) 

/0 AtTtUir^p fikl^j 

^ SENDER: Complete items 1, 2.3 and 4. 

Put your address in the "RET URi\ TO" ipace on the 
reverse side. Failure to ao this will prevent this caro 1rom 
being returnea to you. The return receipt *ee will provide 
you the name of the person detwered to >nd the Q*re_Q^ 

delivery. For additional fee* the following services are 
available. Consult postma*ter tor fees ano check box(es) 
tor service(s) requested. 

1. L̂t[ Show to whom, date and address oi delivery. 

2. • Restricted Delivery. 

3. Article Addressed to: 

C h i e f A. L. S t a d e l m a i e r 

R o m e o v i l l e F i r e Dept. 

18 Montrose Dr. 

R o m e o v i l l e , IL 60441 

4. Type of Service: 

• Registered • Insured 
Certified • COD 
Express Mail 

Article Number 

P 0 8 8 7 2 0 2 6 3 

Always obtain signature of addressee or agent and 
DATE DELIVERED. 

8. Addressee s Adrjress (ONLY if requested and fee paid) 

• a 



SECTION H 

PERSONNEL TRAINING 

INTRODUCTION 

The i n f o r m a t i o n c o n t a i n e d i n t h i s s e c t i o n o u t l i n e s t h e 

p e r s o n n e l t r a i n i n g r e q u i r e m e n t s f o r the Chicago R e f i n e r y 

hazardous waste l a n d t r e a t m e n t o p e r a t i o n i n a c c o r d a n c e w i t h 

t h e r e q u i r e m e n t s of 40 CFR 264.16. 

H-l Outline of Training Program 

H-la Job T i t l e s and Duties 

There a r e f i v e i n d i v i d u a l s d i r e c t l y i n v o l v e d w i t h t h e l a n d 

t r e a t m e n t s y s t e m a t Union O i l , e x c l u s i v e of t h e maintenance 

p e r s o n n e l who t r a n s p o r t t h e waste a n d a p p l y i t t o t h e l a n d 

t r e a t m e n t p l o t s . T h e s e f i v e p o s i t i o n s a r e : ( I ) t h e 

S u p e r i n t e n d e n t of T r a n s f e r and B l e n d i n g ; ( I I ) t h e O p e r a t i o n s 

E n g i n e e r ; ( I I I ) t h e S u p e r v i s o r of E n v i r o n m e n t a l S e r v i c e s ; 

H - l 



* R e v i s e d 12/15/84 

( I V ) t h e E n v i r o n m e n t a l S c i e n c e A n a l y s t ; and (V) t h e Foreman 

f o r Truck D r i v e r s , A u t o M e c h a n i c s , and M o b i l e E q u i p m e n t 

M a i n t e n a n c e . J o b d e s c r i p t i o n s f o r t h e s e p o s i t i o n s a r e 

p r o v i d e d i n A t t a c h m e n t H - l . S i n c e t h e s e a r e g e n e r a l 

d e s c r i p t i o n s f o r t h e a b o v e p o s i t i o n s , s p e c i f i c 

r e s p o n s i b i l i t i e s and d u t i e s p e r t a i n i n g t o h a z a r d o u s w a s t e 

management f o r each p o s i t i o n f o l l o w . 

I. P o s i t i o n T i t l e : S u p e r i n t e n d e n t of T r a n s f e r and 

B l e n d i n g 

Name: J . S. Noreiko 

S p e c i f i c r e s p o n s i b i l i t i e s and d u t i e s p e r t a i n i n g t o hazardous 

waste management: . / 

• M a i n t a i n s c o m p l i a n c e w i t h government r e g u l a t i o n s 

i n t h e a r e a o f w a s t e t r e a t m e n t a n d w a s t e 

management. 

• R e s p o n s i b l e f o r p r o p e r o p e r a t i o n o f t h e l a n d 

treatment system. 

H-2 
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E x p e r i e n c e and Q u a l i f i c a t i o n s : T y p i c a l r e q u i r e m e n t s 

f o r t h i s p o s i t i o n i n c l u d e a t l e a s t a B a c h e l o r ' s D e g r e e , 

n o r m a l l y i n e n g i n e e r i n g , a n d f i v e t o t e n y e a r s o f 

a p p l i c a b l e r e f i n e r y e x p e r i e n c e . 

I I . P o s i t i o n T i t l e : O p e r a t i o n s E n g i n e e r 

S p e c i f i c r e s p o n s i b i l i t i e s and d u t i e s p e r t a i n i n g t o hazardous 

waste management: 

Name: J . E. P u r t e l l 

E n s u r e s t h a t t h e t y p e and q u a n t i t y o f w a s t e s 

a p p l i e d t o the l a n d t r eatment p l o t s a r e c o m p a t i b l e 

w i t h the system's c a p a b i l i t i e s . 

C o m p l e t e s and m a i n t a i n s m a n i f e s t s f o r s l u d g e 

t r a n s f e r f r o m t h e w a s t e w a t e r and water t r e a t m e n t 

u n i t s t o the l a n d t r e a t m e n t a r e a . 

A r r a n g e s f o r t h e c o l l e c t i o n and a n a l y s i s of a l l 

s o i l , g r o u n d w a t e r , a n d l y s i m e t e r s a m p l e s 

a s s o c i a t e d w i t h t h e l a n d t r e a t m e n t system. 

H-3 
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• P r e p a r e s and u p d a t e s t h e 

w a t e r q u a l i t y a s s e s s m e n t 

t r e a t m e n t system. 

• M a i n t a i n s t h e C h i c a g o R e f i n e r y l a n d t r e a t m e n t 

s y s t e m l o g b o o k w h i c h i n c l u d e s a l l i n f o r m a t i o n 

r e l a t e d t o the l a n d t r e a t m e n t o p e r a t i o n . 

• D e v e l o p s and o v e r v i e w s t h e t r a i n i n g program f o r 

t h e Chicago R e f i n e r y l a n d t r eatment system. 

• P r o v i d e s d i r e c t i o n , o v e r v i e w and o p e r a t i o n a l 

c o n t r o l f o r a l l o t h e r a s p e c t s o f t h e C h i c a g o 

R e f i n e r y l a n d t r e a t m e n t system. 

E x p e r i e n c e and Q u a l i f i c a t i o n s : T y p i c a l r e q u i r e m e n t s 

f o r t h i s p o s i t i o n i n c l u d e a t l e a s t a B a c h e l o r ' s Degree, 

a n d f i v e t o t e n y e a r s o f a p p l i c a b l e r e f i n e r y 

e x p e r i e n c e . 

I I I . P o s i t i o n T i t l e : S u p e r v i s o r of E n v i r o n m e n t a l 

S e r v i c e s 

Name: D. W. B r u c k e r t 

S p e c i f i c r e s p o n s i b i l i t i e s a n d d u t i e s p e r t a i n i n g t o 

hazardous waste management: 

Chicago R e f i n e r y ground 

p l a n f o r t h e l a n d 

H-4 



M a i n t a i n f a m i l i a r i t y w i t h s t a t e , f e d e r a l , a n d 

l o c a l e n v i r o n m e n t a l r e g u l a t i o n s ; m o n i t o r r e f i n e r y 

o p e r a t i o n s t o a s s u r e c o m p l i a n c e w i t h a l l 

r e g u l a t o r y r e q u i r e m e n t s . 

C o o r d i n a t e s w i t h o t h e r d e p a r t m e n t s i n s i t u a t i o n s 

o f e n v i r o n m e n t a l non-compliance. 

A c q u i r e a n d r e v i e w as n e c e s s a r y — o p e r a t i n g , 

c o n s t r u c t i o n , d i s c h a r g e , a n d o t h e r p e r m i t s from 

l o c a l , s t a t e , and f e d e r a l a g e n c i e s . 

C o o r d i n a t e s p r e p a r a t i o n and u p d a t e o f v a r i o u s 

s p i l l c o n t r o l p l a n s . 

P r e p a r e s , r e v i e w s and s u b m i t s v a r i o u s monthly, 

q u a r t e r l y , and annual r e p o r t s t o a g e n c i e s . 
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• A c c o m p a n i e s a g e n c y p e r s o n n e l d u r i n g p l a n t 

i n s p e c t i o n s . 

• D u r i n g a p l a n t e m e r g e n c y , a s s i s t w i t h p r e s s , 

p u b l i c r e l a t i o n s , and e n v i r o n m e n t a l i n s p e c t i o n s a t 

d i r e c t i o n of the p l a n t manager. 

E x p e r i e n c e and Q u a l i f i c a t i o n s : A B a c h e l o r ' s D e g r e e i n 

e n v i r o n m e n t a l s c i e n c e s o r t h e e q u i v a l e n t , and f i v e t o 

t e n y e a r s e x p e r i e n c e i n the e n v i r o n m e n t a l f i e l d . 

P o s i t i o n T i t l e : E n v i r o n m e n t a l S c i e n c e A n a l y s t 

Name: L. D. E r c h u l l * 

S p e c i f i c r e s p o n s i b i l i t i e s a n d d u t i e s p e r t a i n i n g to 

hazardous waste management: 

• M a i n t a i n f a m i l i a r i t y w i t h s t a t e , f e d e r a l , and 

l o c a l e n v i r o n m e n t a l r e g u l a t i o n s ; m o n i t o r 

r e f i n e r y o p e r a t i o n s t o .assure compliance w i t h 

a l l r e g u l a t o r y r e q u i r e m e n t s . 
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C o o r d i n a t e s w i t h o t h e r d e p a r t m e n t s i n s i t u a t i o n s 

o f e n v i r o n m e n t a l non-compliance. 

A c q u i r e a n d r e v i e w as n e c e s s a r y — o p e r a t i n g , 

c o n s t r u c t i o n , d i s c h a r g e , a n d o t h e r p e r m i t s from 

l o c a l , s t a t e , and f e d e r a l a g e n c i e s . 

C o o r d i n a t e s p r e p a r a t i o n and u p d a t e o f v a r i o u s 

s p i l l c o n t r o l p l a n s . 

P r e p a r e s , r e v i e w s a n d s u b m i t s v a r i o u s monthly, 

q u a r t e r l y , and annual r e p o r t s t o a g e n c i e s . 

A c c o m p a n i e s a g e n c y p e r s o n n e l d u r i n g p l a n t 

i n s p e c t i o n s . 

D u r i n g a p l a n t e m e r g e n c y , a s s i s t w i t h p r e s s , 

p u b l i c r e l a t i o n s , and e n v i r o n m e n t a l i n s p e c t i o n s a t 

d i r e c t i o n of the p l a n t manager. 

R e p o r t s d i r e c t l y t o S u p e r v i s o r o f 

E n v i r o n m e n t a l S e r v i c e s . I n a b s e n c e o f t h e 

S u p e r v i s o r of E n v i r o n m e n t a l S e r v i c e s , p e r f o r m s h i s 

d u t i e s . 



* Re v i s e d 12/15/84 

E x p e r i e n c e a n d Q u a l i f i c a t i o n s : A B a c h e l o r ' s Degree i n 

e n v i r o n m e n t a l s c i e n c e s or t h e e q u i v a l e n t , and f i v e t o 

t e n y e a r s e x p e r i e n c e i n the e n v i r o n m e n t a l f i e l d . 

V. P o s i t i o n T i t l e : Foreman of Truck D r i v e r s , Auto 

Mechanics, and M o b i l e Equipment 

Maintenance 

Name: G. L. Boland * 

S p e c i f i c r e s p o n s i b i l i t i e s and d u t i e s p e r t a i n i n g t o 

hazardous waste management: 

• S u p e r v i s e t r u c k d r i v e r s who t r a n s p o r t w a s t e t o t h e 

l a n d farm and operate the l a n d farm equipment. 

• Work w i t h E n v i r o n m e n t a l S e r v i c e s and O p e r a t i o n s t o 

c l e a n up s p i l l s and i n c o n t r o l l i n g t r a n s p o r t a t i o n 

o f waste. 

E x p e r i e n c e a n d Q u a l i f i c a t i o n s : E x p e r i e n c e a n d 

k n o w l e d g e o f m o b i l e e q u i p m e n t m a i n t e n a n c e a n d 

o p e r a t i o n . O r g a n i z a t i o n a l , s u p e r v i s o r y , a n d 

a d m i n i s t r a t i v e c a p a b i l i t i e s a r e a l s o r e q u i r e d . 

I n c l u d e d i n A t t a c h m e n t H - l i s a f u n c t i o n a l d e s c r i p t i o n of 

job a c t i v i t i e s f o r t h e t r u c k d r i v e r s who t r a n s p o r t t h e 

w a s t e s . T a b l e H-3 i s a c u r r e n t l i s t i n g of i n d i v i d u a l s who 

a r e d r i v e r s . 
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H-lb Training Content, Frequency, and 

Techniques 

A f o r m a l h a z a r d o u s waste t r a i n i n g program f o r a l l p e r s o n n e l 

i n v o l v e d w i t h the l a n d t r e atment o p e r a t i o n s a t t h e C h i c a g o 

R e f i n e r y h a s bee n i n s t i t u t e d . Under t h i s program, t r a i n i n g 

i s p r o v i d e d a t s p e c i f i c i n t e r v a l s , d e p e n d i n g on e m p l o y e e 

l e v e l , a n d d e t a i l e d r e c o r d s o f a l l t r a i n i n g conducted a r e 

m a i n t a i n e d . Table H-l s u m m a r i z e s b o t h t r a i n i n g f r e q u e n c y 

a n d c o n t e n t . As T a b l e H - l s h o w s , t h e p r o g r a m p r o v i d e s 

hazardous waste management t r a i n i n g t o each p e r s o n d e p e n d i n g 

on t h e i r p o s i t i o n . S p e c i f i c a l l y , t h r e e l e v e l s of t r a i n i n g 

a r e p r o v i d e d at the Union O i l , Chicago R e f i n e r y : 

• T r a i n i n g o f a l l e m p 1 o y e e s - - i n b a s i c s a f e t y and 

emergency p r o c e d u r e s . 

• T r a i n i n g f o r o p e r a t i n g p e r s o n n e l - - i n hazardous 

w a s t e h a n d l i n g , m a i n t e n a n c e , a n d e m e r g e n c y 

p r o c e d u r e s . 
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• T r a i n i n g f o r s u p e r v i s o r y p e r s o n n e l — i n d e t a i l e d 

s a f e t y and emergency p r o c e d u r e s , s p i l l c l e a n u p , 

b a s i c h a z a r d o u s w a s t e management p r a c t i c e s , and 

RCRA r e l a t e d r e q u i r e m e n t s . 

A l l t r a i n i n g e f f o r t s are d i r e c t e d by the O p e r a t i o n s E n g i n e e r 

who i s r e s p o n s i b l e f o r t r a i n i n g f r e q u e n c y , c o n t e n t a n d 

s e l e c t i o n o f i n s t r u c t o r . When a p p r o p r i a t e , o u t s i d e t r a i n i n g 

i n s t r u c t o r s a r e b r o u g h t t o t h e C h i c a g o R e f i n e r y t o 

s u p p l e m e n t i n h o u s e t r a i n i n g . S u p e r v i s o r s a r e u s e d a t 

m o n t h l y t r a i n i n g s e s s i o n s t o r e v i e w a n d i n t r o d u c e new 

p r o c e d u r e s on s a f e t y , c ommunication and emergency response 

p r o c e d u r e s . Other Chicago R e f i n e r y p e r s o n n e l , s u c h a s t h e 

S u p e r v i s o r o f E n v i r o n m e n t a l S e r v i c e s or the F i r e P r o t e c t i o n 

S u p e r v i s o r , a re used i n b o t h c l a s s r o o m p r e s e n t a t i o n s a n d 

f i e l d d e m o n s t r a t i o n s . The f i e l d d e m o n s t r a t i o n s p r o v i d e 

hands-on e x p e r i e n c e f o r p e r s o n n e l i n e m e r g e n c y r e s p o n s e 

p r o c e d u r e s , such as f i r e - f i g h t i n g and s p i l l c ontainment. 

H - l c RCRA T r a i n i n g D i r e c t o r 

The f o l l o w i n g p o s i t i o n has t h e r e s p o n s i b i l i t y t o d i r e c t 

t h e t r a i n i n g program: 
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*** Revised 12/1/85 

Op e r a t i o n s E n g i n e e r 

T h i s i n d i v i d u a l has o v e r a l l r e s p o n s i b i l i t y f o r i n s u r i n g t h a t 

t h e h a z a r d o u s w a s t e t r a i n i n g p r o g r a m i s f u l l y i m p l e m e n t e d 

a n d o p e r a t e s c o n t i n u o u s l y . S p e c i f i c r e s p o n s i b i l i t i e s 

i n c l u d e : 

« D e v e l o p i n g and implementing the t r a i n i n g program 

© S e l e c t i n g i n s t r u c t o r s 

o P a r t i c i p a t i n g i n the d e s i g n of t r a i n i n g m a t e r i a l 

© A s s i s t i n g i n t r a i n i n g l o g i s t i c s ( e . g . , s c h e d u l i n g ) 

o C o n d u c t i n g an a n n u a l r e v i e w o f t h e t r a i n i n g 

program 

© M a i n t a i n i n g t r a i n i n g r e c o r d s 

The O p e r a t i o n s E n g i n e e r and s t a f f , as T r a i n i n g D i r e c t o r and * 

A s s i s t a n t s , has been t r a i n e d i n h a z a r d o u s w a s t e p r o c e d u r e s * 

a n d i s f a m i l i a r w i t h RCRA r e q u i r e m e n t s . T a b l e H-2 * 

s u m m a r i z e s t h e RCRA r e l a t e d t r a i n i n g t o d a t e o f t h e * 

O p e r a t i o n s E n g i n e e r . T h e c o l l e c t i v e e x p e r i e n c e a n d *** 

e d u c a t i o n r e f l e c t e d i n t h e l i s t i n g on T a b l e H-2 and i n *** 

S e c t i o n H-Ia i s more t h a n adequate f o r o p e r a t i o n of the l a n d *** 

t r e a t m e n t system. I n d i v i d u a l s l i s t e d on T a b l e H-2 work and *** 

c o n s u l t w i t h e a c h o t h e r on a d a y - t o - d a y b a s i s . O t h e r *** 

t r a i n i n g c o u r s e s and c o n f e r e n c e s , as a t t e n d e d , w i l l be added *** 

t o T a b l e H-2 t o document c o n t i n u e d t r a i n i n g of the Chicago *** 

R e f i n e r y p e r s o n n e l . 

H - l l 



*** D e l e t e d 12/1/85 

H - l d Relevance of T r a i n i n g t o Job P o s i t i o n 

The O p e r a t i o n s E n g i n e e r i s r e s p o n s i b l e f o r t e a c h i n g 

h a z a r d o u s w a s t e management p r o c e d u r e s , i n c l u d i n g c o n t i n g e n c y 

p l a n i m p l e m e n t a t i o n , t o a l l w a s t e h a n d l i n g p e r s o n n e l . The 

t r a i n i n g p rogram i s t i e r e d ( T a b l e H - l ) t o p r o v i d e t r a i n i n g 

t o p e r s o n n e l a t l e v e l s t h a t a r e r e l e v a n t t o t h e i r p o s i t i o n s 

a n d r e s p o n s i b i l i t i e s . F o r e x a m p l e , s u p e r v i s o r y p e r s o n n e l 

r e c e i v e t r a i n i n g on r e c o r d k e e p i n g and o t h e r p r o c e d u r e s 

r e q u i r e d f o r c o m p l i a n c e , w h e r e a s t h e o p e r a t o r s do n o t . 

O p e r a t o r s a r e s p e c i f i c a l l y t r a i n e d on p r o p e r and s a f e 

o p e r a t i n g p r o c e d u r e s and on how t o respond e f f e c t i v e l y t o a 

s p i l l or o t h e r emergency. 

H-le T r a i n i n g f o r Emergency Response 

T h i s t r a i n i n g program i s d e s i g n e d t o i n s u r e t h a t p e r s o n n e l 

n o t o n l y h a n d l e h a z a r d o u s w a s t e i n a s a f e manner, but a l s o 

p r o p e r l y r e s p o n d t o emergency s i t u a t i o n s . F o r e x a m p l e , 

h a z a r d o u s w a s t e management t r a i n i n g i s p r o v i d e d t o each 
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*** D e l e t e d 12/1/85 

E m e r g e n c y C o o r d i n a t o r . T h i s t r a i n i n g i n c l u d e s emergency *** 

response p r o c e d u r e s , the c h a r a c t e r i s t i c s o f t h e w a s t e s b e i n g 

h a n d l e d , c o n t a i n m e n t a n d s p i l l r e s p o n s e p r o c e d u r e s , and 

i m p l e m e n t a t i o n of the Contingency P l a n ( S e c t i o n G). 

The p r o g r a m t r a i n s h a z a r d o u s w a s t e h a n d l i n g / m a n a g e m e n t 

p e r s o n n e l t o m a i n t a i n compliance under b o t h n o r m a l o p e r a t i n g 

and emergency c o n d i t i o n s . 

T r a i n i n g e l e m e n t s a d d r e s s i n g n o n - r o u t i n e o r e m e r g e n c y 

s i t u a t i o n s ( u n s c h e d u l e d shut-downs and s t a r t - u p s r e l a t e d t o 

s t o r m s , f i r e s , e x p l o s i o n s , s p i l l s ) i n c l u d e : 

o P r o c e d u r e s f o r l o c a t i n g , u s i n g , i n s p e c t i n g , 

r e p a i r i n g , and r e p l a c i n g f a c i l i t y e m e r g e n c y an d 

m o n i t o r i n g equipment. 

© E m e r g e n c y c o m m u n i c a t i o n p r o c e d u r e s a n d a l a r m 

systems. 
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• Response t o f i r e s or e x p l o s i o n s . 

• R e s p o n s e t o , a n d p r o c e d u r e s f o r , c o n t a i n i n g , 

c o n t r o l l i n g , and m i t i g a t i n g s p i l l s . 

• Shut-down of o p e r a t i o n s . 

I n a d d i t i o n t o the hazardous waste management p e r s o n n e l , t h e 

Day or S h i f t F i r e Crew w i l l r e s p o n d t o a l l f i r e s a n d o t h e r 

g e n e r a l p l a n t e m e r g e n c i e s . The Day F i r e Crew i s p r e s e n t 

d u r i n g week-days b e t w e e n 7:30 a.m. a n d 4:00 p.m., a n d on 

r e q u e s t o f t h e S h i f t F i r e Crew, w i l l p r o v i d e backup s u p p o r t 

d u r i n g o t h e r s h i f t s . The S h i f t C r e w p r o v i d e s f i r e 

p r o t e c t i o n when t h e Day S h i f t i s n o t p r e s e n t . A l l F i r e 

C r e w s a r e t r a i n e d b o t h w i t h c l a s s r o o m a n d p r a c t i c a l 

i n s t r u c t i o n . M o n t h l y t r a i n i n g i s r e q u i r e d f o r t h e Day Crew 

and b i m o n t h l y t r a i n i n g i s r e q u i r e d f o r t h e S h i f t C r e w . An 

a d d i t i o n a l m o n t h l y h a l f - d a y c l a s s i s r e q u i r e d f o r Day Crew 

f i r e members c l a s s i f i e d as Apparatus E n g i n e e r s . R e c o r d s o f 

t h e t r a i n i n g p r o g r a m a r e k e p t on f i l e a t t h e C h i c a g o 

R e f i n e r y . 
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*** Revi s e d 12/1/85 

E a c h Emergency C o o r d i n a t o r r e c e i v e s t r a i n i n g i n g e n e r a l *** 

emergency r e s p o n s e p r o c e d u r e s as w e l l as s p e c i f i c t r a i n i n g 

i n t h e i r f u n c t i o n s a n d r e s p o n s i b i l i t i e s as E m e r g e n c y 

C o o r d i n a t o r . T h i s t r a i n i n g i n c l u d e s c l a s s r o o m , f i e l d , and 

s e l f - s t u d y ( i e . , r e a d i n g and f a m i l i a r i t y w i t h C o n t i n g e n c y 

P l a n ) programs. 

H-2 Implementation of T r a i n i n g Program 

The O p e r a t i o n s E n g i n e e r and a l l c u r r e n t w a s t e h a n d l i n g 

p e r s o n n e l have been t r a i n e d a t t h e t i m e o f t h i s s u b m i t t a l . 

P r i o r t o any renewed t r e a t m e n t o f h a z a r d o u s w a s t e s a t t h e 

l a n d f a r m , a l l p e r s o n n e l w i t h a p p l i c a b l e r e s p o n s i b i l i t i e s 

f o r t h e l a n d f a r m o p e r a t i o n w i l l r e c e i v e u p d a t e d t r a i n i n g . 

A l l new p e r s o n n e l or newly a s s i g n e d p e r s o n n e l must c o m p l e t e 

t h i s t r a i n i n g p r o g r a m w i t h i n s i x months of assignment t o t h e 

l a n d t r eatment o p e r a t i o n s or w i t h i n s i x months of t h e i r d a t e 

o f employment, w h i c h e v e r i s l a t e r . No employee h i r e d w i t h 

any d u t i e s i n the h a z a r d o u s w a s t e management a r e a w i l l work 

u n s u p e r v i s e d p r i o r t o c o m p l e t i o n of the t r a i n i n g program. 
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S h o u l d a p e r s o n n e l c h a n g e o c c u r i n the O p e r a t i o n s E n g i n e e r 

p o s i t i o n , t h e new i n d i v i d u a l w i l l be s u p p o r t e d by a l l o t h e r 

d e p a r t m e n t s ( s u c h as E n v i r o n m e n t a l S e r v i c e s ) , and t h e p r i o r 

O p e r a t i o n s E n g i n e e r , u n t i l t h e new i n d i v i d u a l i s f a m i l i a r 

w i t h h i s hazardous waste management r e s p o n s i b i l i t i e s . 

In F e b r u a r y of each year a r e v i e w of the t r a i n i n g p r o g r a m i s 

c o n d u c t e d . A l l p e r s o n n e l i n v o l v e d i n t h e l a n d treatment 

o p e r a t i o n p a r t i c i p a t e i n t h i s e x e r c i s e by e v a l u a t i n g t h e 

c o u r s e s t h e y have t a k e n . The O p e r a t i o n s E n g i n e e r has 

r e s p o n s i b i l i t y f o r c o n d u c t i n g t h i s r e v i e w a n d d o c u m e n t i n g 

f i n d i n g s on a annual r e p o r t ( F i g u r e H - l ) . 

A r e p o r t w i l l a l s o be completed i n F e b r u a r y o f e a c h y e a r by 

t h e O p e r a t i o n s E n g i n e e r . T h i s r e p o r t w i l l s u m m a r i z e 

t r a i n i n g a c t i v i t i e s r e v i e w e d , r e v i e w p r o c e d u r e u s e d , 

p a r t i c i p a n t s , f i n d i n g s of t h e r e v i e w , and p l a n of a c t i o n f o r 

t h e coming y e a r . 

The O p e r a t i o n s E n g i n e e r at t h e f a c i l i t y i s r e s p o n s i b l e f o r 

m a i n t a i n i n g a l l t r a i n i n g r e c o r d s . These r e c o r d s c o n s i s t o f 
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c o m p l e t e d v e r s i o n s o f t h e forms shown i n F i g u r e s H - l , H-2, 

and H-3, and p r o v i d e t h e f o l l o w i n g : 

• D o c u m e n t a t i o n o f a l l f o r m a l t r a i n i n g conducted at 

t h e f a c i l i t y , s p e c i f i c a l l y p r o v i d i n g t h e t i t l e o f 

t h e t r a i n i n g c o u r s e , t h e d a t e , t h e i n s t r u c t o r , 

d e s c r i p t i o n of t h e c o u r s e c o n t e n t , and t h e names 

o f employees t h a t a t t e n d e d ( F i g u r e H - l ) . 

• An up-to-date t r a i n i n g r e c o r d o f e a c h i n d i v i d u a l 

i n v o l v e d i n h a z a r d o u s w a s t e management. The 

r e c o r d i n c l u d e s t h e n a m e , q u a l i f i c a t i o n s , 

e x p e r i e n c e , j o b t i t l e a n d r e s p o n s i b i l i t i e s , and 

t r a i n i n g p r o v i d e d ( F i g u r e H-2). 

• A l i s t i n g o f t h e t r a i n i n g s e s s i o n a t t e n d e e s f o r 

e a c h c o u r s e g i v e n , t h e d a t e s , d e s c r i p t i o n o f 

t r a i n i n g c o u r s e , and the i n s t r u c t o r ( F i g u r e H-3). 

The m a t e r i a l s u t i l i z e d i n t h e t r a i n i n g p r o g r a m a r e 

m a i n t a i n e d i n a c e n t r a l f i l e and updated r o u t i n e l y by th e 

O p e r a t i o n s E n g i n e e r . T h e s e r e c o r d s w i l l be k e p t u n t i l 
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c l o s u r e o f t h e l a n d t r e a t m e n t a r e a f o r c u r r e n t employees, 

a n d f o r t h r e e y e a r s f r o m t h e d a t e o f t h e i n d i v i d u a l 

employee's t e r m i n a t i o n f o r former employees. 

I n a d d i t i o n t o t h e a b o v e f o r m a l t r a i n i n g p r o g r a m , 

n o t i f i c a t i o n o f c h a n g e s a n d / o r b u l l e t i n s w h i c h w i l l 

summarize and r e i n f o r c e p a s t t r a i n i n g w i l l be p e r i o d i c a l l y 

d i s t r i b u t e d . The O p e r a t i o n s E n g i n e e r has r e s p o n s i b i l i t y f o r 

i s s u i n g t h e s e n o t i f i c a t i o n s t o t h e a p p r o p r i a t e p e r s o n n e l . 

C o p i e s o f t h e s e n o t i f i c a t i o n s / b u l l e t i n s , a l o n g w i t h a 

d i s t r i b u t i o n l i s t , a r e m a i n t a i n e d as p a r t o f t h e t r a i n i n g 

r e c o r d s . 
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TABLE H - l 

SUMMARY OF TRAINING 
FOR FACILITY PERSONNEL 

T i t l e 
T r a i n i n g t o be 
P r o v i d e d Frequency 

A l l P e r s o n n e l B a s i c s a f e t y p r o c e d u r e s . Monthly 

• Emergency pr o c e d u r e s f o r 
c o p i n g w i t h f i r e s , e x p l o s i o n s 
and s p i l l s . 

• Use of communication and 
a l a r m systems. 

• T r a n s p o r t a t i o n r e q u i r e m e n t s . 

• Hazardous waste h a n d l i n g p r o c e d u r e s . 

• E x p l o s i o n and f i r e r esponse p r o c e d u r e s . 

O p e r a t i n g 
P e r s o n n e l 
who r o u t i n e l y 
h a n d l e 
hazardous 
waste 
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* R e v i s e d 12/15/84 

TABLE H- l 

SUMMARY OF TRAINING 
FOR FACILITY PERSONNEL 

(Continued) 

T r a i n i n g t o be 
T i t l e P r o v i d e d Frequency 

S u p e r v i s o r y • I n s p e c t i o n p r o c e d u r e s . A n n u a l l y 
P e r s o n n e l 

• Procedures f o r u s i n g emergency 
and m o n i t o r i n g equipment. 

• Shutdown of o p e r a t i o n s . 

• S p i l l c l e an-up p r o c e d u r e s . 

• B a s i c c h e m i s t r y of 
hazardous m a t e r i a l s . 

• B a s i c overview of RCRA. 

F i r e Crew • Procedure f o r u s i n g , i n s p e c t i n g , M o n t h l y 
r e p a i r i n g , and r e p l a c i n g 
emergency and m o n i t o r i n g equipment. 

• Implementation of the 
Cont i n g e n c y P l a n . 

• Emergency m e d i c a l t e c h n i q u e s . 

• F i r e f i g h t i n g t e c h n i q u e s 
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* R e v i s e d 12/15/84 

TABLE H-l 

SUMMARY OF TRAINING 
FOR FACILITY PERSONNEL 

(Continued) 

T r a i n i n g t o be 
T i t l e P r o v i d e d Frequency-

A r e a S h i f t • Emergency response p r o c e d u r e s . A n n u a l l y 
S u p e r v i s o r 

• Hazardous waste management 
p r a c t i c e s . 

• Hazards a s s o c i a t e d w i t h wastes. 

• Implementation o f t h e 
Contingency P l a n . 
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* R e v i s e d 12/15/84 

TABLE H-2 

SUMMARY OF TRAINING COURSES AND CONFERENCES 

Name pate T i t l e 

L. D. Erchull Sept. 17-21, 1979 Hazardous Materials Engineering 

L. E. Erchull May 20-21, 1980 Working Together to Manage Wastes 
J . E. P u r t e l l Sept. 25, 1980 Industrial Hygiene Surveillance 
J . F. Martens Nov. 12-13, 1980 Land Application of Sludge 

J. E. P u r t e l l Jan. 14, 1981 USEPA, DOT Waste Disposal Regulations 
L. D. Erchull Jan. 19-20, 1981 Disposal of Oily & Ind u s t r i a l Sludges 

by Land Treatment 
L. D. Erchull Aug. 25-26, 1981 Working Together to Manage Wastes 

L. D. Erchull March 22-23, 1982 Fundamentals of Groundwater Quality 
Protection 

L. D. Erch u l l June 8-9, 1982 Working Together to Manage Wastes 

L. D. Erchull June 28-29, 1983 Working Together to Manage Wastes 

L. D. Erchull Feb. 22-23, 1984 RCRA - Part B Permitting 
L. D. Erchull May 22-23, 1984 Working Together to Manage Wastes 
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* R e v i s e d 12/15/84 

TABLE H-3 

CURRENT TRUCK DRIVERS (December, 1984) 

L. Farmer 

T. P. F i t z g e r a l d 

W. C. Fox 

J . A. F r a c a r o ( H ) 

D. A. Kapinus 

M. Levanich 

J . C. Matejcak 

F. R. O l i v e r 

J . E. Pardo 

R. C. P e t e r s o n 

E. L. P o o l e 

R. Radje n o v i c h 
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FIGURE H - l 

ANNUAL REPORT 

PART 1: TRAINING SESSIONS HELD 

D e s c r i p t i o n No. of 
of Employees 

T i t l e Date T r a i n i n g I n s t r u c t o r T r a i n e d 

* INSTRUCTIONS: 

) h i s form must be completed by the O p e r a t i o n s E n g i n e e r t o m a i n t a i n a 
summary of each y e a r ' s t r a i n i n g a c t i v i t i e s . 



FIGURE H-2 
HAZARDOUS WASTE MANAGEMENT 

PERSONNEL TRAINING DATA 

Name: 

T i t l e : 

Hazardous Waste Management R e s p o n s i b i l i t y Area: 

Q u a l i f i c a t i o n s : 

Job R e s p o n s i b i l i t i e s : 

RCRA R e l a t e d T r a i n i n g R e c o r d : 

T i t l e and D e s c r i p t i o n o f T r a i n i n g Date Completed 

I n s t r u c t i o n s : T h i s f o r m must be p r e p a r e d , u p d a t e d , a n d 
f i l e d by t h e O p e r a t i o n s E n g i n e e r f o r each employee w i t h a 
d e s i g n a t e d hazardous w a s t e management r e s p o n s i b i l i t y . A t 
m i n i m u m , p e r s o n n e l i n c h a r g e o f w a s t e a n a l y s i s , m a n i f e s t 
system, i n s p e c t i o n , t r a i n i n g , and e m e r g e n c y c o o r d i n a t i o n 
m u s t b e c o v e r e d , a s w e l l as o p e r a t i n g p e r s o n n e l who 
r o u t i n e l y handle hazardous wastes. 



FIGURE H-3 
TRAINING SESSION 

DATA S H E E T * 

Title of Training Session: 

Date: 

Description of Training: Name of Instructor:. 

Name of Employees Attending Session: 

1. 21. 
2. 22. 
3. 23. 
4. 24. 
5. 25. 
6. ; 26. 
7. 27. 
8. ; • 28. 
9. 29. 
10 30. 
11. 31. 
12. . 32. 
13. 33. 
14. • 34. 
15. ; 35. 
16 36. 
17. 37. 
18. 38. 
19 39. 
20 : 40. 

* INSTRUCTIONS 

T h i s form must be completed b y t h e i n s t r u c t o r e a c h t i m e a 
s c h e d u l e d t r a i n i n g s e s s i o n i s conducted. The form must be 
r e t u r n e d p r o m p t l y t o t h e O p e r a t i o n s E n g i n e e r and m a i n t a i n e d 
f o r t h e r e c o r d f i l e s . 



ATTACHMENT H - l 

Job D e s c r i p t i o n s 

C h i c a g o R e f i n e r y 



H t t a c n m e n t H - l 

Union Oi l Company of Cal i fornia 

J o b D e s c r i p t i o n No ^Iklr'. 

D e p a r t m e n t MFINING^ Payroll Title .?.»?P.?£i£^T?.d.^.?:transfer .& Blending 

Division UNION 76; EASTERN...REGION. D o c r i p t l v e Title
 l n t e n d e n t " Transfer & Blending 

Tj m- t C H J ^ G O J ^ m E R Y D a t e ;„ )teZj„*J2*i_ 

Location L^P_?Tj.mILLIN_OIS (Exempt 

Fair Labor Standards Act Overtime Provision Status — < 
(Subject „ „ „ 

POSITION 

Reports to the General Superintendent of the Operations D i v i s i o n . 

I t i s the r e s p o n s i b i l i t y of the Superintendent, Transfer & Blending: 

1. To provide a r e l i a b l e supply of crude o i l and other raw m a t e r i a l s to the processing 

departments. 

2. To r e c e i v e , blend, store and ship the products manufactured by the processing . 

departments. 

3. To s a f e l y and e f f i c i e n t l y operate the piping systems outside the process u n i t s , 

the tankage, the product blending f a c i l i t i e s , the loading f a c i l i t i e s (barge, 

tank car and truck) and p i p e l i n e shipping and r e c e i v i n g f a c i l i t i e s . 

4. To p r o p e r l y operate the following process units; Water Treating Unit 410, Waste 

Water T r e a t i n g Unit 440, South Plant F l a r e System and Landfarm. 

These r e s p o n s i b i l i t i e s are l a r g e l y handled by delegation of a u t h o r i t y to subordinate 

Engineers and Supervisors. 

SPECIFIC FUNCTIONS 

1. Interface with his superiors, peers and subordinates to ensure a safe work 

environment i n his area of r e s p o n s i b i l i t y . 

2. Supervises s t a f f i n g and operation of Refinery f a c i l i t i e s f o r storage and movement 

of a l l raw materials, intermediate stocks and f i n i s h e d products. 

3. D i r e c t s a l l i n - l i n e blending operations to assure that optimum value i s obtained 

from stocks. 

4. Control shipments to assure compliance with s p e c i f i c a t i o n s . 

5. Contact processing, planning, laboratory and d i s t r i b u t i o n departments as 

required to maximize p r o f i t s from production. 

6. Maintain h i s physical plant i n good c o n d i t i o n by o b t a i n i n g timely s e r v i c e from 

the Maintenance D i v i s i o n . 

7. Prepare budgets and c o n t r o l costs f o r h i s operations. 

t N r o R N A T I O N C O H T A I N C D M K M K I M B K L A T K * T O T H K A I O V C M C M T I O N K O J O B A T T H I T I M * . T M C O H C B I r T I O M W A S M A O C . A H E W J O B O K B C B I P T I O N B H O U L O 

B C F n o v i D C n I N L V C H T I H I . I I * A M A J O B C H A N C E I N F U N C T I O N * O B O T H I f l f C R T I H I N T D A T A N K L A T I N O T o T H K J O B . T H « D U T I E S I N C L U O C D I N T H I S D r . 

B C B I r T l O N A B B I N O I C A T I V f l O f T H C S K I L L S . K N O W L I O O t l , A N O A B I L I T I B S B C O U I B B O T O n R r O R M T M I t J O B , ' B U T T H I S O B S C B t r T I O * : M U S T N O T B < C O N . 

S I O C B I D T O I H C L U O * A L L D U T I U W H I C H M A T B l A S S I B H S O T O T H I * C L A R I F I C A T I O N , O B W H I C H A B B C U B B B H T L T • • 1 M B r U ' O I I N U I N S U C H C L A * » i r i C A f I O N . 
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SUPERINTENDENT - TRANSFER & BLENDING 

Supervise relationships with departmental hourly employees and their union 
representatives to be f a i r and encourage productivity with safety as a 
mandatory feature of every job. 

« 

Directs h is Engineers and Supervisors i n the development and implementation of 
cost reduction and p r o f i t improvement projects i n h i s area of r e s p o n s i b i l i t y . 

10. Promotes e f f i c i e n c y and productivity of Engineers and Supervisors i n his 
Department by establishing and reviewing progress toward objectives. 

11. Interfaces with other Department Heads to assure the coordination of his 
Department's a c t i v i t i e s with other l i n e and s t a f f a c t i v i t i e s to meet the 
ov e r a l l Refinery objectives. 

12. Maintain an effec t i v e d i s c i p l i n a r y program to encourage acceptable performance. 

13. Maintains compliance with government laws and regulations i n the area of 
waste treatment and waste management. 

8. 

9. 



A t t a c h m e n t H - l 

Union Oi l Company of California 

J o b D e s c r i p t i o n No 

Department REAMING .&.X^.s.?9.RTATiqN p a j r r o j i T i t l c Operations Engineer 

Division 76 Division: Eastern Regi°nDescriptive Title Wast.e/.^.^.??/M.?.4f.a.1Tm. .Operations.Engineer 

Unit Chicago Refinery Due January 1, 1984 

Location (Exempt XX. 
Fair Labor Standards Act Overtime Provision Status — < 

(Subject.... 

POSITION 

Reports to the Superintendent of an Operating Department. 

It i s the re s p o n s i b i l i t y of a Waste/Water/Landfarm Operations Engineer assigned to 
Blending and Transfer to provide technical s t a f f service to the Superintendent and 
other l i n e supervisors i n the Operating Department. He maintains contacts with 
other staff departments within the Refinery and assists the Superintendent i n 
gaining effective use of those departments i n achieving departmental and Refinery 
goals. 

SPECIFIC FUNCTIONS 

1. Maintains technical surveillance of unit operations i n his assigned department. 

2. Identifies and defines ways to improve the operation of process equipment so 
that safety and on-stream e f f i c i e n c y may be improved, costs reduced and 
specifications met. 

3. I n i t i a t e s improvement projects on behalf of his assigned department and 
develops economic j u s t i f i c a t i o n s and s e n s i t i v i t y analyses for such projects. 

4. Maintains effective communication with Engineering, Laboratory and Maintenance 
Departments to see that departmental projects are completed properly to meet 
departmental objectives. 

5. Assists Process Foremen i n development of operating procedures. 

6 . Assists Superintendent and Process Foremen i n special operating s i t u a t i o n s , 
such as shutdowns and startups, by inspecting equipment and checking and revising 
operating procedures. 

7. Advises the Superintendent and Process Foremen on technical matters providing 
solutions to technical problems which do not warrant inquiry of the Engineering 
Department. 

8. From time to time, serves as r e l i e f Process Supervisor or Superintendent. 

I N F O R M A T I O N C O N T A I N E D H E R E I N R E L A T E * T O T H I A B O V E M E N T I O N E D J O B A T T H I T I M C T H E D E S C R I P T I O N W A B M A O C . A N I W J O B D E S C R I P T I O N S H O U L D 

B E P R O V I D E D I N L V C N T T H E R E I S A M A J O R C H A N C E I N F U N C T I O N S O R O T H E R P E R T I N E N T D A T A R E L A T I N G T O T H E J O B . T H * D U T I E S I N C L U D E D I N T H I S O t -

S C R I P T I O N A R E I N D I C A T I V E O F T H E S K I L L S , K N O W L E D G E S . A N O A B I L I T I E S R E Q U I R E D T O P E R F O R M T H I S J O B , B U T T H I S O B S C R I P T I O K M U S T N O T B E C O N 

S I D E R E D T O I N C L U D E A L L D U T I E S W H I C H M A T B E A S S I G N E D T O T H I S C L A S S I F I C A T I O N , O B W H I C H A R E C U R R E N T L Y B E I H S P U t F O R M K D I N S U C H C L A S S I F I C A T I O N . 

F O R M 1 - I D o l 1 1 0 - 7 S I P R I N T E D I N U . S . A . 
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JOB DESCRIPTION May 1984 

- 2 -

Waste/Water/Landfarm O p e r a t i o n s E n g i n e e r 

ADDITIONAL SPECIFIC FUNCTIONS 

1. Ensures t h a t the t y p e and q u a n t i t y o f w a s t e a p p l i e d t o the l a n d t r e a t m e n t 

p l o t s a r e c o m p a t i b l e w i t h the system's c a p a b i l i t i e s . 

2. Completes m a n i f e s t s f o r each s l u d g e movement from Waste Treatment U n i t 44 

and Water Treatment U n i t 41 t o the R e f i n e r y Landfarm. 

3. A r r a n g e s f o r t h e c o l l e c t i o n and a n a l y s i s o f a l l s o i l , g r o u n d w a t e r and 

l y s i m e t e r samples a s s o c i a t e d w i t h t h e R e f i n e r y Landfarm. 

4. P r e p a r e and update t h e C h i c a g o R e f i n e r y Groundwater Q u a l i t y Assessment 
P l a n . 

5. M a i n t a i n the C h i c a g o R e f i n e r y Landfarm Log Book w h i c h i n c l u d e s a l l 

i n f o r m a t i o n r e l a t e d t o t h e R e f i n e r y Landfarm. 

6. D e v e l o p s and o v e r v i e w s t h e t r a i n i n g program f o r t h e C h i c a g o R e f i n e r y 

l a n d t r e a t m e n t system. 

7. P r o v i d e s d i r e c t i o n , o v e r v i e w and o p e r a t i o n a l c o n t r o l f o r a l l o t h e r 

a s p e c t s o f the C h i c a g o R e f i n e r y l a n d t r e a t m e n t s y s t e m . 



A t t a c h m e n t H - l 

Union O i l Company of California 

J o b D e s c r i p t i o n No 

Department REFINING & TRANSPORTATION p a y r o l i Tltle Supervisor, Environmenta 1 Services 

Division MSiP.B 7„̂..£ l!£Stj£n__Rej^n DescriptiveT,vi»Supe:rvisory. Environmental_Services 

Unit Chicago Refinery r j a t e . _ March 1, 1984. 

l o t i o n .M5?.?.t̂ ..Jiiin£is_ (Exempt ...M....... 
Fair Labor Standard* Act Overtime Provision Status — < 

(Subject 

POSITION 

Reports to the Refinery Manager. 

He must be f a m i l i a r with State, Federal and Local Environmental Regulations and 
monitor Refinery operations to assure compliance with a l l regulation requirements. 

Supervises two Environmental Science Analysts and an Environmental Foreman. 

SPECIFIC DUTIES 

A. Monitor compliance with regulations primarily through his s t a f f for the following: 

1. Effluent Water Discharge 

2. Solid Waste Disposal 
3. Hazardous Waste Disposal 
4. O i l S p i l l s 
5. A i r Regulations 
6. Noise Regulations 
7. Odor Emissions to Atmosphere 
8. Hazardous Substance S p i l l s 

B. Acquire and review as necessary operating, construction, discharge and other 
permits from Local, State and Federal Agencies. 

C. Coordinate with other Departments i n the matter of non-compliance for items 
i n "A". 

D. Coordinate preparation and update of various s p i l l plans (SPCC). 

E. Prepare or review and submit various monthly, quarterly and annual reports to 
Agencies. 

F. Keep current with proposed new Agency Regulations and offer comments and 
testimony prior to their passage and/or adoption. 

G. Develop annual expense budget for Environmental Control Unit 859. 

H. Accompany Agency personnel i n plant inspections. 

I M F O B M A T I O M C O N T A I N E D M U C I N B B U V T C B T O T H I t l O V I M E M T I O M E O J O B A T T H * T I M S T M C D E S C R I P T I O N W A B M A O C . A H E W J O B D E S C R I P T I O N S H O U L O 

B B P a O V I D I O I N I V t N T T H I K t IS A M A J O B C H A H O I I N F U N C T I O N * O B O T H E R P E R T I N E N T O A T A A B L A T I N O T O T H B J O B . T M I O U T I E S I N C L U D E D I N T H I S D l . 

E C R I P T I O H A B C I N D I C A T I V E O P T M C S K I L L S . K H O W L E O H E S . A N O A B I L I T I E S R E S U I R E O T O r C B P O R H T H I * J O B . B U T T H I S D B S C R I P T I O K M U S T N O T B C C O N . 

B I O B B B D T O I N C L U D E A L L D U T I E S W H I C H M A T B C A S S I O N B D T O T H I B C L A S S I F I C A T I O N . O i l W H I C H A B B C U B B C M T L T B d N S P E B P O R M E J J I N S U C H C L A S S I F I C A T I O N . 

' O H M t - I B B I ( 1 0 > 7 9 | P R I N T C O I N U . S . A . 
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Supervisor, Environmental Services 

I. Collect and coordinate data necessary for variance requests. 

J. During plant emergency, assist with press, public relations and environmental 
inspectors at direction of the Refinery Manager. 

K. Represent the Refinery at l o c a l industry groups on environmental matters. 

L. Acts as consultant to State L e g i s l a t i v e Agencies on environmental issues. 

M. Represents the o i l industry i n an advisory capacity for bodies such as: 

1. State Chamber of Commerce. 

2. I l l i n o i s Manufacturers Association. 

3. I l l i n o i s Environmental Concensus Forum. 

N. Administer salaries and conduct performance evaluations for the Environmental 
Services Department personnel. 



A t t a c h m e n t H - l 

Union Oil Company of California 

J o b D e s c r i p t i o n N c _ i L 3 ! 9 

p-r.^ nt REFINING & TRANSPORTATION p^n Tj»l, ENVIRONMENTAL SCIENCE ANALYST 

Division .TTNTON 7n; EASTERN PEGTPN „_ P T.V1. ENVIRONMENTAL SCIENCE ANALYST 

TTW;» CHICAGO REFINERY p.,, August 1, 1981 _^ 

I ^ l ™ LEMONT. ILLINOIS /Exempt .xx 

Fair Labor Standards Act Overtime Provision Status — < 
f Sul)JCCt « m M t t , t | « n « « w > m m i «««»«««•«•«»«• i • m m 

ENVIRONMENTAL SCIENCE ANALYST 

POSITION 

Reports to the Environmental Services Supervisor. 

He must be f a m i l i a r with State, Federal and Local Environmental Regulations and 
monitor Refinery operations to assure compliance with a l l regulation requirements. 

SPECIFIC DUTIES 

A. Monitor compliance with regulations for the following: 

1. Effluent Water Discharge 
2. S o l i d Waste Disposal 
3. Hazardous Waste Disposal 
4. O i l S p i l l s 
5. A i r Regulations 
6. Noise Regulations 
7. Odor Emissions to Atmosphere 
8. Hazardous Substance S p i l l s 

B. Acquire and review as necessary operating, construction, discharge and other 
permits from Local, State and Federal Agencies. 

C. Coordinate with other Departments i n the matter of non-compliance for items 
i n "A". 

D. Prepare and update various s p i l l plans (SPCC). 

E. Prepare or review and submit various monthly, quarterly and annual reports to 
Agencies. 

F. Keep current with proposed new Agency Regulations and offer comments and 
testimony p r i o r to their passage and/or adoption. 

G. Develop annual expense budget for Environmental Control Unit 859. 

H. Accompany Agency personnel i n plant inspections. 

I. C o l l e c t and coordinate data necessary for variance requests. 

I H P O B M A T I O M C O N T A I N S . ! ) N E B C I N R E L A T E S T O T H C A S O V S M E N T I O N E D J O B A T T M C T I M S T H C O C S C B I r T I O M Br A S M A O « _ A M C W J O B D E S C R I P T I O N S H O U L D 

• C P R O V I D E D I N E V E N T T H I B B I S A M A J O B C H A M B C I M F U N C T I O N S O B O T H C B P E R T I N E N T D A T A B C L A T I N S T O T H C J O B . T M C D U T I E S I N C L U D E D I H T H I S D E 

S C R I P T I O N A B C I N D I C A T I V E O B T M C B R I L L S . E N O W L E D O E S . A M O A B I L I T I E S R E Q U I R E D T O P B J t P O R M T H I B J O B . B U T T H I S D C S C B I P T I O K M U S T M O T M C O N -

B I D C R S O T O I M C L U D C A L L B U T I E S W H I C H M A T B C A S S I B M B O T O T H I S C L A S S I P I C A T I O H . O R W H I C H A B C C U R R E N T L T B C I M B P E A F O R M C O I H S U C H C L A S S I F I C A T I O N -

F O R M M M t I I O - T I I S H I N T t O I N U . I . * . 



August 1, 1981 
Page 2 

UNION OIL COMPANY OF CALIFORNIA 

CHICAGO REFINERY 

JOB DESCRIPTION 

ENVIRONMENTAL SCIENCE ANALYST 

SPECIFIC FUNCTIONS (Cont'd.) 

J. During plant emergency, assist with press, public relations and environmental 
inspectors at direction of the Plant Manager. 



* R e v i s e d 12/15/84 

Attachment H-l 

Chicago Refinery - Truck Driver C l a s s i f i c a t i o n -
Vehicle and Duty L i s t 

V e h i c l e s t o be o p e r a t e d by t r u c k department 

1. D i s p a t c h t r u c k s - f l a t b e d s t a k e t y p e . 

2. Fork l i f t . 

3. F u e l t r u c k . 

4. Vacuum t r u c k . 

5. T a x i and out of p l a n t messenger v e h i c l e s . 

6. Sludge f a r m i n g t r a c t o r and equipment. 

7. Trucks a s s i g n e d t o t r u c k department. 

D u t i es 

1. D e l i v e r t o o l s , men and m a t e r i a l s . 

2. Load or unload t r u c k s , dump b a r r e l s , d e l i v e r o i l 
t o c o m p r e s s o r s and o i l s t o r a g e b u i l d i n g , and o t h e r 
p a l l e t i z e d e l i v e r i e s . 

3. D e l i v e r f u e l t o u n d e r g r o u n d s t o r a g e t a n k s , 
p o r t a b l e equipment and v e h i c l e s . 

4. O p e r a t e vacuum t r u c k p i c k i n g up s p i l l s and h a u l i n g 
v a r i o u s types of l i q u i d m a t e r i a l s . 

5. O p e r a t e c a s e t r a c t o r f o r p l o w i n g , d i s c i n g , and 
i n j e c t i n g s l u d g e . 

6. O p e r a t e IH t r a c t o r f o r weed and gr a s s c u t t i n g and 
snow p l o w i n g . 

7. Use t r u c k s e q u i p p e d w i t h snow plow t o plow snow 
from r e f i n e r y roads. 

8. O p e r a t e dump t r u c k , s a l t s p r e a d i n g , snow p l o w i n g 
and h a u l i n g . 

9. Tow equipment when needed. 



R e v i s e d 12/1/85 

SECTION I 

CLOSURE, POST-CLOSURE PLANS, AND FINANCIAL REQUIREMENTS 

INTRODUCTION 

T h i s S e c t i o n i s s u b m i t t e d i n a c c o r d a n c e w i t h t h e 

r e q u i r e m e n t s o f 40 CFR 264.112 t h r o u g h 115, and 264.280. 

T h i s c l o s u r e p l a n i d e n t i f i e s a l l s t e p s t h a t w i l l be 

n e c e s s a r y t o c l o s e t h e l a n d t r e a t m e n t a r e a a t any p o i n t 

d u r i n g i t s i n t e n d e d o p e r a t i n g l i f e . A p o s t - c l o s u r e p l a n i s 

a l s o i n c l u d e d . B o t h t h e c l o s u r e and p o s t - c l o s u r e p l a n have 

been d e s i g n e d t o e n s u r e t h a t t h e l a n d t r e a t m e n t a r e a , when 

c l o s e d , w i l l i n c l u d e n e c e s s a r y m a i n t e n a n c e and m o n i t o r i n g 

u n t i l such time t h a t t h e r e q u i r e m e n t s o f 264 . 280 ( d ) ( 3 ) have 

b e e n d o c u m e n t e d . C l o s u r e a n d p o s t - c l o s u r e w i l l be 

implemented such t h a t a l l c l o s u r e a c t i v i t i e s u n d e r t a k e n w i l l 

n o t t h r e a t e n human h e a l t h or the environment. 

Two c o p i e s o f t h e C l o s u r e P l a n w i l l be m a i n t a i n e d a t t h e 

Chi c a g o R e f i n e r y . Both c o p i e s w i l l be updated as r e q u i r e d . 

I - l 



R e v i s e d 12/1/85 

I - l Closure Plan 

I - l a Closure Performance Standard 

F i n a l c l o s u r e o f t h e l a n d t r e a t m e n t system w i l l be d i r e c t e d 

by t h e O p e r a t i o n s E n g i n e e r a c c o r d i n g t o t h e p r o c e d u r e s 

d e s c r i b e d b e l o w . As i n d i v i d u a l o p e r a t i n g equipment used a t 

t h e l a n d t r e a t m e n t s i t e i s r e t i r e d , o n l y t h e p r o c e d u r e s 

d e s c r i b e d i n T a b l e I - l t h a t a r e s p e c i f i c t o t h a t equipment 

n e e d be i m p l e m e n t e d , f o l l o w e d by a " c e r t i f i c a t i o n o f 

c l o s u r e " by t h e O p e r a t i o n s E n g i n e e r and an i n d e p e n d e n t 

r e g i s t e r e d p r o f e s s i o n a l e n g i n e e r . R e g a r d l e s s o f t h e e x t e n t 

o f c l o s u r e , a l l n o r m a l m o n i t o r i n g and i n s p e c t i o n a c t i v i t i e s 

w i l l be c o n t i n u e d . T h e s e a c t i v i t i e s a r e d e s c r i b e d i n 

S e c t i o n E and i n S e c t i o n F-2. 

The Chicago R e f i n e r y l a n d t r e a t m e n t s y s t e m w i l l be c l o s e d i n 

a manner t h a t m i n i m i z e s the need f o r f u r t h e r maintenance and 

c o n t r o l s , m i n i m i z e s , or e l i m i n a t e s t h r e a t s t o human h e a l t h 

and the environment. 

I - l b P a r t i a l Closure 

The C h i c a g o R e f i n e r y l a n d t r e a t m e n t s i t e w i l l be o p e r a t e d 

s u c h t h a t h a z a r d o u s w a s t e s w i l l be s u b s u r f a c e i n j e c t e d 

i m m e d i a t e l y a f t e r b e i n g c o l l e c t e d and t r a n s p o r t e d t o t h e 

1-2 



Revised 12/1/85 

l a n d t r e a t m e n t p l o t s . T h e C h i c a g o R e f i n e r y has t h e 

f l e x i b i l i t y t o c o n t r o l the g e n e r a t i o n o f h a z a r d o u s w a s t e and 

s u b s e q u e n t d e l i v e r i e s t o t h e l a n d t r e a t m e n t a r e a . 

C o n s e q u e n t l y , i f the area i n s p e c t i o n s show t h a t some t y p e o f 

r e p a i r o r m a i n t e n a n c e i s r e q u i r e d , t h e s e r e p a i r o r 

maintenance items w i l l be i m p l e m e n t e d and r e i n s p e c t e d p r i o r 

t o a n y d e l i v e r y o f h a z a r d o u s w a s t e s . T h e r e a r e no 

c i r c u m s t a n c e s then t h a t would r e q u i r e p a r t i a l c l o s u r e . 

I - l c F i n a l C l o s u r e 

The l a n d t r e a t m e n t area w i l l undergo f i n a l c l o s u r e i f : 

o U n a c c e p t a b l e m i g r a t i o n o f contaminants occurs 

s u c h t h a t a c o r r e c t i v e a c t i o n p r o g r a m u n d e r 

40 CFR 264.100 must be implemented. 

o I f s o i l s a mpling of t h e a c t i v e t r e a t m e n t zone 

shows a b u i l d - u p o f m e t a l s t h a t a p p r o a c h e s 

t h e E P A s u g g e s t e d l i m i t i n g m e t a l s 

c o n c e n t r a t i o n s ( c h r o m i u m a n d l e a d 

c o n c e n t r a t i o n s of 1 , 000 mg p e r k i l o g r a m o f 

s o i l ) . 
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o S o i l c o r e a n a l y s e s show EP T o x i c i t y r e s u l t s 

t h a t e x c e e d t h e maximum c o n c e n t r a t i o n o f 

meta l s shown i n Table 1 of 4 0 CFR 261.24. 

There are no c u r r e n t p l a n s t o p e r m a n e n t l y c l o s e t h e C h i c a g o 

R e f i n e r y , and i t i s u n l i k e l y t h a t a t o t a l r e f i n e r y shut-down 

w o u l d o c c u r d u r i n g t h e a c t i v e l i f e a n d t h e 30 y e a r 

p o s t - c l o s u r e p e r i o d o f t h e l a n d t r e a t m e n t a r e a . In t h e 

u n l i k e l y event a d e c i s i o n i s made t o shut-down t h e r e f i n e r y , 

t h e c l o s u r e and p o s t - c l o s u r e p l a n s c o n t a i n e d h e r e i n w i l l be 

r e v i s e d a n d r e s u b m i t t e d t o t h e a p p r o p r i a t e r e g u l a t o r y 

a u t h o r i t i e s . 

A f t e r i t i s d e t e r m i n e d t h a t f i n a l c l o s u r e w i l l b e 

i m p l e m e n t e d , t h i s p l a n and any r e v i s i o n s t h e r e t o , w i l l be 

s u b m i t t e d t o t h e USEPA R e g i o n V A d m i n i s t r a t o r a t l e a s t 180 

days b e f o r e t h e a n t i c i p a t e d commencement of c l o s u r e . F i n a l 

c l o s u r e of the la n d t r e a t m e n t s y s t e m w i l l p r o c e e d a c c o r d i n g 

t o the f o l l o w i n g g e n e r a l s c h e d u l e : 

(1) F i n a l c l o s u r e w i l l o n l y be i n i t i a t e d a t t h e 

b e g i n n i n g o f an o p e r a t i n g s e a s o n . The 

Chicago R e f i n e r y c o n t r o l s t h e t i m e a t w h i c h a 

h a z a r d o u s w a s t e i s " g e n e r a t e d " f r o m p r o c e s s 

o p e r a t i o n s t o a l l o w f o r i n a c t i v e l a n d 
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t r e a t m e n t s y s t e m p e r i o d s , s u c h as w i n t e r 

months and wet p e r i o d s . The C h i c a g o R e f i n e r y 

w i l l c o n t i n u e t h i s p r a c t i c e a n d t h e 

g e n e r a t i o n of the f i n a l q u a n t i t y o f h a z a r d o u s 

w a s t e s w i l l be s c h e d u l e d f o r the b e g i n n i n g of 

an o p e r a t i n g season. 

(2) 180 d a y s p r i o r t o t h e a n t i c i p a t e d f i n a l 

a p p l i c a t i o n o f h a z a r d o u s w a s t e s t o t h e l a n d 

t r e a t m e n t s y s t e m / t h i s c l o s u r e p l a n w i l l be 

s u b m i t t e d t o t h e U S E P A R e g i o n V 

A d m i n i s t r a t o r . 

(3) F i n a l c l o s u r e p r o c e d u r e s w i l l commence w i t h i n 

30 d a y s a f t e r t h e f i n a l a p p l i c a t i o n o f 

hazardous wastes t o the s o i l p l o t or p l o t s . 

F i n a l c l o s u r e p r o c e d u r e s w i l l i n v o l v e c o n t i n u e d 

d i s c i n g / a e r a t i o n o f t h e l a n d t r e a t m e n t s y s t e m f o r t w o 

s e a s o n s (2 y e a r s ) a f t e r t h e f i n a l a p p l i c a t i o n o f hazardous 

w a s t e s , t o i n s u r e t h a t a l l o r g a n i c s a r e c o m p l e t e l y d e g r a d e d . 

A t w o - y e a r c l o s u r e p e r i o d i s r e q u i r e d b a s e d on b i o l o g i c a l 

d e g r a d a t i o n h a l f - l i f e s f o r API s e p a r a t o r s l u d g e and o t h e r 

r e f i n e r y w a s t e s o f o n e - h a l f year, or l e s s , as r e p o r t e d i n the 

l i t e r a t u r e (Appendix A, r e f e r e n c e s 2, 6, 9, 12 and 1 5 ) . A t 
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t h e end o f t h e s e c o n d s e a s o n , a l l equipment used i n the l a n d 

t r e a t m e n t o p e r a t i o n w i l l be d e c o n t a m i n a t e d by h y d r o b l a s t i n g 

on t h e e d g e o f one o f t h e l a n d t r e a t m e n t p l o t s . A f i n a l 

c o ver of t i m o t h y , c l o v e r , a l s i k e , and r y e (a volume m i x t u r e 

o f 5 0 % , 3 5 % , 5%, a n d 1 0 % ) w i l l be sowed on t h e l a n d 

t r e a t m e n t p l o t s t o p r o v i d e a p r o t e c t i v e c o v e r and t o p r e v e n t 

wind d i s p e r s i o n of s o i l . 

The m i x t u r e o f p e r e n n i a l s o d c r o p s ( g r a s s e s ) h a v e b e e n 

s e l e c t e d s i n c e t h e y p r o v i d e t h e b e s t p r o t e c t i o n a g a i n s t 

e r o s i o n and a s i g n i f i c a n t l y l o n g e r p e r i o d o f ground c o v e r 

t h a n a n n u a l g r a s s e s a n d / o r s m a l l g r a i n s . P e r e n n i a l g r a s s e s 

o f f e r s e v e r a l o t h e r advantages: they can t o l e r a t e t e m p o r a r y 

f l o o d i n g as w e l l as d r y c o n d i t i o n s ; they are f a i r l y t o l e r a n t 

o f c o n t a m i n a n t s ; a r e s e l f - s e e d i n g ; and, p r o v i d e e x c e l l e n t 

p r o t e c t i o n a g a i n s t e r o s i o n due t o t h e i n t e r - l o c k i n g r o o t 

s y s t e m d e v e l o p e d by t h e m a t u r e p l a n t . The f i n a l c o v e r 

s e l e c t e d has been b a s e d on l o c a l use f o r p a s t u r e l a n d by a 

l o c a l f a r m e r , and has been r e v i e w e d a g a i n s t t h e l i s t i n g o f 

a c c e p t a b l e c o v e r p l a n t s i n t h e EPA p u b l i c a t i o n SW-874, 

t i t l e d "Hazardous Waste Land T r e a t m e n t " , d a t e d A p r i l , 19 83. 

R e g i o n a l a d a p t i o n ( i . e . , m i d w e s t p o r t i o n o f t h e U n i t e d 

S t a t e s ) and o t h e r c o n s i d e r a t i o n s as i d e n t i f i e d i n t h e above 

document i n d i c a t e t h a t t h e p r o p o s e d m i x t u r e s h o u l d s e r v e as 

an e x c e l l e n t p l a n t c o v e r . The g r a s s e s t o be used i n c l u d e : 
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Common Name S c i e n t i r i c Name 

Timothy Phelum p r a t e n s e 

C l o v e r T r i f o l i u m incarnatum 

A l s i k e T r i f o l i u m hybridum 

Rye L o l i u m perenne 

At c l o s u r e , a l l of t h e l a n d t r e a t m e n t p l o t s w i l l be f i n a l 

g r a d e d and t h e c o v e r g r a s s , m i x t u r e . w i l l be bro a d c a s t s p r e a d 

by g r o u n d a p p l i c a t i o n . I m m e d i a t e l y t h e r e a f t e r , t h e l a n d 

t r e a t m e n t p l o t s w i l l be h a r r o w e d t o i n c r e a s e s o i l - s e e d 

c o n t a c t t o cover the seeds w i t h s o i l . Amount o f seed t o be 

u s e d w i l l be b a s e d on t h e f o r m u l a s p r o v i d e d i n t h e 

p r e v i o u s l y c i t e d EPA document, (Page 497) based on p e r c e n t 

p u r i t y a n d g e r m i n a t i o n s t a t e d o n t h e 

m a n u f a c t u r e r ' s / s u p p l i e r ' s a n a l y s i s . R a t e s w i l l be i n c r e a s e d 

by 75% t o account f o r the use of b r o a d c a s t s p r e a d i n g . 

Once e s t a b l i s h e d , t h e C h i c a g o R e f i n e r y n e ed n o t mow o r 

o t h e r w i s e m a i n t a i n t h e f i n a l c o v e r , r a t h e r , t h e l a n d 

t r e a t m e n t p l o t s w i l l be e s t a b l i s h e d a n d m a i n t a i n e d as a 

" n a t u r a l p r a i r i e " . However, d u r i n g t h e f i r s t two y e a r s , 

f e r t i l i z e r w i l l be b r o a d c a s t s p r e a d i n t h e e a r l y s p r i n g 

( d u r i n g f i n a l snow m e l t and p r i o r t o s p r i n g r a i n s ) t o i n s u r e 
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a w e l l e s t a b l i s h e d g r a s s . A l s o t h r o u g h o u t t h e p o s t - c l o s u r e 

p e r i o d , e s t i m a t e s w i l l be made (by f i e l d measurement) as t o 

th e amount of cover gr a s s l o s t due t o w i n t e r k i l l . When t h e 

amount o f b a r e a n d / o r e x p o s e d d i r t a p p r o a c h e s t e n p e r c e n t 

( 1 U % ) o f t h e l a n d a r e a c o v e r e d by any i n d i v i d u a l l a n d 

t r e a t m e n t p l o t , those exposed areas w i l l be re-seeded. 

D u r i n g t h e t w o - y e a r c l o s u r e p e r i o d , a l l n o r m a l s i t e 

m o n i t o r i n g , as s p e c i f i e d i n S e c t i o n E, w i l l c o n t i n u e . A t 

t h e end o f t h e s e c o n d y e a r , c o m p o s i t e s o i l s a m p l e s ( s i x 

s a m p l e s r a n d o m l y t a k e n f r o m e a c h l a n d t r e a t m e n t p l o t t o 

produce t h r e e composite samples p e r p l o t ) w i l l be t a k e n and 

a n a l y z e d f o r i n d i c a t o r o r g a n i c s as w e l l as f o r EP T o x i c i t y . 

I t i s f u l l y e x p e c t e d t h a t t h e s o i l w i l l be shown as b e i n g 

" n o n h a z a r d o u s " and t h e r e f o r e can be l e f t i n p l a c e . I f i t i s 

f o u n d t h a t a d d i t i o n a l t i m e i s r e q u i r e d t o c o m p l e t e t h e 

d e g r a d a t i o n o f t h e o r g a n i c s , U n i o n O i l w i l l m o d i f y t h e 

c l o s u r e p l a n t t o p r o v i d e f o r such an e x t e n s i o n . 

F i g u r e I - i g r a p h i c a l l y d e p i c t s t h e c l o s u r e s c h e d u l e 

a n t i c i p a t e d f o r t h e l a n d t r e a t m e n t a r e a . D u r i n g t h e f i n a l 

o p e r a t i n g s e a s o n , h a z a r d o u s and nonhazardous wastes w i l l be 

s c h e d u l e d f o r d e l i v e r y s u c h t h a t t h e l a s t a p p l i c a t i o n o f 

e i t h e r h a z a r d o u s o r n o n h a z a r d o u s w a s t e s w i l l be 

a p p r o x i m a t e l y m i d - September. P l o w i n g a n d d i s c i n g o f t h e 
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l a n d t r e a t m e n t p l o t s t h r o u g h o u t t h i s l a s t o p e r a t i n g s e a s o n 

w i l l c o n t i n u e as n o r m a l l y p r a c t i c e d . P l o w i n g o f each p l o t 

w i l l be c o n d u c t e d a p p r o x i m a t e l y once p e r m o n t h , o r e v e r y 

f o u r weeks. D i s c i n g o f each p l o t w i l l , be c o n d u c t e d e v e r y 

two w e e k s . T h i s s c h e d u l e w i l l be m a i n t a i n e d u n t i l 

a p p r o x i m a t e l y mid-November, which i s n o r m a l l y the end of the 

o p e r a t i n g season. The nonhazardous w a s t e s t o r a g e and d e c a n t 

b a s i n w i l l be f i l l e d w i t h c l e a n d i r t and g r a d e d t o conform 

w i t h t h e s u r r o u n d i n g t o p o g r a p h y . The a r e a w i l l t h e n be 

sowed w i t h a g r a s s and c l o v e r m i x t u r e to p r o v i d e v e g e t a t i o n 

c o v e r . 

E q u i p m e n t u s e d d u r i n g t h i s l a s t o p e r a t i n g s e a s o n w i l l be 

c l e a n e d a t the edge of one of t h e t r e a t m e n t p l o t s s u c h t h a t 

a l l c l e a n i n g r e s i d u e s w i l l f l o w o n t o t h e t r e a t m e n t p l o t . 

D e c o n t a m i n a t i o n and c l e a n i n g w i l l c o n s i s t o f h y d r o b l a s t i n g , 

f o l l o w e d by a t r i p l e steam c l e a n i n g . Between each s t e a m 

c l e a n i n g , a c o l d w a t e r r i n s e w i l l be u s e d t o i n s u r e a l l 

p o r t i o n s o f t h e equipment i s c l e a n . Equipment not r e q u i r e d 

f o r t h e n e x t o p e r a t i n g s e a s o n (as vacuum t r u c k s ) w i l l be 

s o l d as s u r p l u s e q u i p m e n t . E q u i p m e n t r e q u i r e d f o r the next 

o p e r a t i n g season ( t r a c t o r , c h i s e l p l o w , o f f s e t d i s c ) w i l l be 

s t o r e d f o r the w i n t e r months. 
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D u r i n g t h e l a s t t h r e e o p e r a t i n g s e a s o n s ( y e a r z e r o and t h e 

f i r s t and s e c o n d y e a r a f t e r f i n a l a p p l i c a t i o n o f w a s t e s ) , 

t h e C h i c a g o R e f i n e r y w i l l m a i n t a i n a l l n o r m a l 

p l o w i n g / d i s c i n g s c h e d u l e s , as w e l l as s o i l s a m p l i n g and pH 

c o n t r o l . A l l l a n d t r e a t m e n t p l o t s w i l l be p l o w e d once per 

month, and d i s c e d once e v e r y two weeks. A t t h e end o f e a ch 

o p e r a t i n g s e a s o n , t h e e q u i p m e n t d e c o n t a m i n a t i o n / c l e a n i n g 

p r o c e d u r e p r e v i o u s l y d e s c r i b e d w i l l be used. 

A l l o t h e r l a n d t r e a t m e n t o p e r a t i n g p a r a m e t e r s w i l l be 

m a i n t a i n e d and c o n t i n u e d d u r i n g t h e l a s t t h r e e o p e r a t i n g 

s easons. This w i l l i n c l u d e : 

1. M a i n t e n a n c e and c o n t r o l o f a l l d r a i n a g e 

p a t t e r n s s u c h t h a t r u n - o n i s d i v e r t e d away 

from each l a n d t r e a t m e n t p l o t . 

2. M a i n t e n a n c e and c o n t r o l of a l l r u n o f f c o n t r o l 

f r om t h e l a n d t r e a t m e n t p l o t s . R u n o f f w i l l 

c o n t i n u e t o b e d i r e c t e d t o t h e NPDES 

p e r m i t t e d wastewater t r e a t m e n t f a c i l i t y . 

S l u d g e s f r o m t h i s f a c i l i t y however, w i l l be 

d i r e c t e d t o an a p p r o v e d o f f - s i t e w a s t e 

d i s p o s a l o p e r a t i o n . 
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3. C o n t i n u e d u s e o f t h e g r o u n d w a t e r a n d 

u n s a t u r a t e d z o n e m o n i t o r i n g p o i n t s , w h i c h 

i n c l u d e s sampling and l a b o r a t o r y a n a l y s i s . 

A t t h e end o f t h e s e c o n d o p e r a t i n g s e a s o n ( s e c o n d y e a r ) , 

a f t e r t h e e q u i p m e n t has been d e c o n t a m i n a t e d / c l e a n e d , a l l 

r e m a i n i n g equipment w i l l be s o l d as s u r p l u s e q u i p m e n t . A l l 

t r e a t m e n t p l o t s w i l l t h e n be sowed w i t h a f i n a l c o v e r o f 

g r a s s e s and c l o v e r t h a t w i l l h o l d t h e s o i l s u r f a c e i n p l a c e . 

T h i s g r a s s and c l o v e r m i x t u r e i s s e l f - s e e d i n g and t h e r e f o r e 

ground cover maintenance w i l l be nominal. 

T h r o u g h o u t t h e f i n a l o p e r a t i n g s e a s o n , and t h e n e x t two 

o p e r a t i n g s e a s o n s , t h e C h i c a g o R e f i n e r y w i l l c o n t i n u e a l l 

n o r m a l i n s p e c t i o n , m o n i t o r i n g and g r o u n d w a t e r and s o i l 

a n a l y t i c a l p r o g r a m s . T h e s e a c t i v i t i e s a r e d e s c r i b e d i n 

d e t a i l i n o t h e r s e c t i o n s o f t h i s document. A t t h e end o f 

t h e s e c o n d s e a s o n o p e r a t i n g s e a s o n , t h e C h i c a g o R e f i n e r y 

w i l l b e g i n p o s t - c l o s u r e m o n i t o r i n g a n d i n s p e c t i o n 

p r o c e d u r e s , w h i c h a r e d e s c r i b e d i n a l a t e r p o r t i o n o f t h i s 

S e c t i o n . 

A f t e r the c l o s u r e p l a n has been s u b m i t t e d and a p p r o v e d , b u t 

b e f o r e t h e f i n a l o p e r a t i o n s e a s o n b e g i n s , t h e C h i c a g o 

R e f i n e r y w i l l c o n t r a c t w i t h an i n d e p e n d e n t r e g i s t e r e d 
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p r o f e s s i o n a l e n g i n e e r t o o v e r v i e w t h e t h r e e - y e a r c l o s u r e 

p e r i o d . A t t h e end o f t h e s e c o n d y e a r , a f t e r t h e f i n a l 

g r a s s and c l o v e r c o v e r has been sowed, t h e e n g i n e e r w i l l 

p r e p a r e a c e r t i f i c a t i o n of c l o s u r e . T h i s c e r t i f i c a t i o n , 

w i t h a s i m i l a r c e r t i f i c a t i o n f r o m t h e O p e r a t i o n s E n g i n e e r , 

w i l l be s u b m i t t e d t o t h e USEPA R e g i o n V A d m i n i s t r a t o r i n 

conformance w i t h 40 CFR 280(b). 

I - l d Maximum Waste I n v e n t o r y 

T h i s P a r t B P e r m i t A p p l i c a t i o n does n o t i n c l u d e any s t o r a g e 

f a c i l i t i e s . H owever, f o r e s t i m a t i n g p u r p o s e s , i t can be 

assumed t h a t t h e maximum amount of h a z a r d o u s w a s t e s t h a t 

w i l l be a p p l i e d on an a n n u a l b a s i s t o t h e l a n d t r e a t m e n t 

a r e a f o r f i n a l d i s p o s a l t o t a l s 163 d r y t o n s ( 65 , 200 g a l l o n s ) 

of h a z a r d o u s w a s t e s and 4,457 d r y t o n s (1,782,800 g a l l o n s ) 

of nonhazardous w a s t e s , f o r a t o t a l o f a p p r o x i m a t e l y 4,620 

d r y t o n s (1,848,000 g a l l o n s ) . A l l wastes w i l l be d i s p o s e d 

of on t h e l a n d treatment p l o t s . 

I - l e Schedule For C l o s u r e 

The g e n e r a l s c h e d u l e f o r c l o s u r e has b e e n d e s c r i b e d i n 

S e c t i o n I - l c , F i n a l C l o s u r e , and i s summarized g r a p h i c a l l y 

i n F i g u r e I - l . B e c a u s e o p e r a t i o n o f t h e l a n d t r e a t m e n t 
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system i s not l i m i t e d by age o r t o t a l p a s t u s e , t h e y e a r o f 

c l o s u r e c a n n o t be a n t i c i p a t e d a t t h i s time. For purposes o f 

t h i s p e r m i t a p p l i c a t i o n , t h e d a t e o f f i n a l c l o s u r e has been 

a s s u m e d t o be i n S e p t e m b e r , 1995. U n l e s s ^ t h e b u i l d - u p o f 

h e a v y m e t a l s i n t h e s o i l a p p r o a c h e s t h e EPA s u g g e s t e d 

l i m i t i n g c o n c e n t r a t i o n s , t h e l a n d t r e a t m e n t s y s t e m w i l l be 

o p e r a t e d as long as i t r e m a i n s e c o n o m i c a l l y a d v a n t a g e o u s t o 

do so. 

The s c h e d u l e shown i n F i g u r e I - l can be used f o r t r a c k i n g 

t h e p r o g r e s s of c l o s u r e , once the d e c i s i o n to c l o s e has been 

made. Equipment r e p l a c e m e n t d u r i n g t h e n o r m a l o p e r a t i n g 

l i f e o f t h e l a n d t r e a t m e n t p l o t s w i l l be d i c t a t e d by 

m a i n t e n a n c e r e q u i r e m e n t s , a s d e t e r m i n e d by r o u t i n e 

i n s p e c t i o n , and c a n n o t be p r o j e c t e d . S h o u l d e q u i p m e n t 

r e p l a c e m e n t b e n e c e s s a r y , t h e e q u i p m e n t w i l l b e 

d e c o n t a m i n a t e d as d e s c r i b e d b e l o w , p r i o r t o r e m o v a l f r o m 

s e r v i c e . 

C o m p l e t i o n of f i n a l c l o s u r e w i l l r e q u i r e a p p r o x i m a t e l y two 

y e a r s from t h e d a t e when t h e l a s t a p p l i c a t i o n o f h a z a r d o u s 

w a s t e s a r e made t o a l a n d t r e a t m e n t p l o t or p l o t s . I f i t 

a p p e a r s t h a t f i n a l c l o s u r e w i l l r e q u i r e more t i m e t h a n 

e s t i m a t e d h e r e i n , t h e O p e r a t i o n s E n g i n e e r w i l l c o n t a c t t h e 
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USEPA R e g i o n V A d m i n i s t r a t o r f o r a p p r o v a l of an e x t e n s i o n t o 

the c l o s u r e s c h e d u l e . 

I - l f D i s p o s a l of Contaminated Equipment 

A l l e q u i p m e n t used a t t h e l a n d t r e a t m e n t s y s t e m w h i c h may 

h a v e b e e n c o n t a m i n a t e d w i t h h a z a r d o u s w a s t e s , w i l l be 

d e c o n t a m i n a t e d and c l e a n e d a t t h e edge of one o f t h e l a n d 

t r e a t m e n t p l o t s . T h i s p r o c e d u r e ( T a b l e I - l ) w i l l i n s u r e 

t h a t a l l d e c o n t a m i n a t i o n and c l e a n i n g r e s i d u e s a r e c o n t a i n e d 

on t h e t r e a t m e n t p l o t and w i l l be i n c o r p o r a t e d i n t o t h e 

s o i l . The d e c o n t a m i n a t i o n / c l e a n i n g w i l l c o n s i s t o f a 

h y d r o b l a s t t o r e m o v e a i l w a s t e / s o i l a d h e r i n g t o t h e 

equipment. T h i s w i l l be f o l l o w e d by a t r i p l e steam c l e a n i n g 

w i t h a c o l d , c l e a r water r i n s e a f t e r each steam c l e a n i n g . 

The above p r o c e d u r e s w i l l be u s e d when r e t i r i n g i n d i v i d u a l 

p i e c e s o f e q u i p m e n t , and i m m e d i a t e l y a t the end of the l a s t 

o p e r a t i n g season f o r the f i n a l equipment d e c o n t a m i n a t i o n and 

c l e a n i n g . 

A l l equipment r e t i r e d f r o m s e r v i c e , o r a t t h e f i n a l c l o s u r e 

o f t h e l a n d t r e a t m e n t a r e a , w i l l be s o l d as s u r p l u s 

equipment a f t e r d e c o n t a m i n a t i o n and c l e a n i n g . 

1-14 



Revised 12/1/85 

I - l g Closure of Containers 

Not a p p l i c a b l e . 

I - l h Closure of Tanks 

Not a p p l i c a b l e . 

I - l i Closure of Waste P i l e s 

Not a p p l i c a b l e . 

I - l j Closure Plan Amendment 

T h e c l o s u r e p l a n w i l l be amended w h e n e v e r c h a n g e s i n 

o p e r a t i n g p l a n s or f a c i l i t y d e s i g n e f f e c t t h e c l o s u r e p l a n , 

o r w h e n e v e r t h e r e i s a c h a n g e i n t h e e x p e c t e d y e a r o f 

c l o s u r e . The c l o s u r e p l a n w i l l be amended w i t h i n 60 d a y s -

a f t e r s u c h a c h a n g e o c c u r s . The O p e r a t i o n s E n g i n e e r i s 

r e s p o n s i b l e f o r amending t h e c l o s u r e p l a n and i n s u r i n g t h a t 

a l l r e v i s i o n s a r e i n c l u d e d i n t h e c o p i e s o f t h i s p e r m i t 

a p p l i c a t i o n m a i n t a i n e d a t t h e C h i c a g o R e f i n e r y . T h i s 

c l o s u r e p l a n , and any r e v i s i o n s t h e r e t o , w i l l be a v a i l a b l e 

f o r i n s p e c t i o n a t t h e C h i c a g o R e f i n e r y , by t h e a p p r o p r i a t e 

r e g u l a t o r y agency p e r s o n n e l . 
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1-2 P o s t - C l o s u r e P l a n 

A t t h e end o f t h e t h r e e y e a r f i n a l c l o s u r e p e r i o d , t h e 

C h i c a g o R e f i n e r y w i l l i m p l e m e n t t h e p o s t - c l o s u r e p l a n and 

m a i n t a i n and i n s p e c t t h e l a n d t r e a t m e n t a r e a as d e s c r i b e d 

below. 

A f t e r t h e c e r t i f i c a t i o n o f c l o s u r e b y an i n d e p e n d e n t 

r e g i s t e r e d p r o f e s s i o n a l engineer and the O p e r a t i o n s E n g i n e e r 

has been p r e p a r e d a n d s u b m i t t e d t o USEPA R e g i o n V, t h e 

C h i c a g o R e f i n e r y i n t e n d s t o i m p l e m e n t the p o s t - c l o s u r e p l a n 

by: 

1. U t i l i z i n g C h i c a g o R e f i n e r y s e c u r i t y p e r s o n n e l t o 

w e e k l y (on a random s c h e d u l e ) i n s p e c t t h e f e n c e s 

and g a t e s t o i n s u r e t h a t t h e f e n c e remains i n t a c t 

and t h a t a l l gates a r e l o c k e d . 

2. The O p e r a t i o n s E n g i n e e r , c u r r e n t l y J . E. P u r t e l l , 

w i l l be r e s p o n s i b l e f o r t h e p o s t - c l o s u r e p l a n b o t h 

p r i o r t o c l o s u r e a n d d u r i n g t h e p o s t - c l o s u r e 

p e r i o d . The O p e r a t i o n s E n g i n e e r w i l l a l s o be 

r e s p o n s i b l e f o r p o s t - c l o s u r e c a r e , i n c l u d i n g 

p o s t - c l o s u r e i n s p e c t i o n s and c o r r e c t i v e a c t i o n s . 
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T h e O p e r a t i o n s E n g i n e e r i s l o c a t e d a t t h e 

p r e v i o u s l y p r o v i d e d Union O i l a d d r e s s . 

I t i s f u l l y e x p e c t e d t h a t a l l o r g a n i c s w i l l have d e g r a d e d 

w i t h i n t h e t h r e e - y e a r c l o s u r e p e r i o d such t h a t no f u r t h e r 

o p e r a t i o n a l maintenance, as p l o w i n g , d i s c i n g , and pH c o n t r o l 

w i l l be r e q u i r e d . C o n s e q u e n t l y , t h i s p o s t - c l o s u r e p l a n 

b a s i c a l l y c o n s i s t s of c o n t i n u e d ground w a t e r and u n s a t u r a t e d 

zone m o n i t o r i n g f o r a 30 year p e r i o d . The s u r r o u n d i n g f e n c e 

and gates w i l l be m a i n t a i n e d t h r o u g h o u t t h i s 30 y e a r p e r i o d , 

as w i l l a c c e s s f o r s a m p l i n g , i n s p e c t i o n and/or maintenance. 

Q u a r t e r l y , the O p e r a t i o n s E n g i n e e r -- c u r r e n t l y a Mr. J . E. 

Por t e l l , l o c a t e d a t t h e C h i c a g o R e f i n e r y -- w i l l conduct an 

i n s p e c t i o n o f t h e c o m p l e t e l a n d t r e a t m e n t a r e a . T h i s 

i n s p e c t i o n w i l l i n c l u d e a l l i t e m s shown on T a b l e 1-3, and 

w i l l c o n s i s t o f a v i s u a l i n s p e c t i o n o f t h o s e a r e a s a l s o 

shown on T a b l e 1-2. I n s p e c t i o n l o g s ( F i g u r e I - i ) w i l l be 

used t o develop an i n s p e c t i o n r e c o r d , and w i l l be m a i n t a i n e d 

by the O p e r a t i o n s E n g i n e e r a t the Chicago R e f i n e r y . 

I f t he q u a r t e r l y i n s p e c t i o n shows r e p a i r o r m a i n t e n a n c e i s 

r e q u i r e d , t h e O p e r a t i o n s E n g i n e e r has t h e a u t h o r i t y t o 

i m p l e m e n t s u c h r e p a i r s , and w i l l do so by c o n t r a c t i n g f o r 

such s e r v i c e s . 
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G r o u n d w a t e r a n d u n s a t u r a t e d z o n e m o n i t o r i n g w i l l be 

c o n t i n u e d w i t h samples taken on the schedule shown below: 

P o s t - C l o s u r e Year Sample Frequency 

Q u a r t e r l y 

B i - y e a r l y 

B i - y e a r l y 

A n a l y t i c a l s c r e e n i n g t o d e t e c t m i g r a t i o n of- e i t h e r o r g a n i c 

and i n o r g a n i c c o n t a m i n a n t s w i l l c o n s i s t o f t h e s c r e e n i n g 

p r o c e d u r e s p r e s e n t e d i n S e c t i o n E. 

1 t o 3 

4 t o 5 

6 t o 30 

Run-on w i l l be c o n t r o l l e d by c o n t i n u e d u s e , and m a i n t e n a n c e 

o f , s i t e d r a i n a g e w h i c h d i v e r t s a l l p o t e n t i a l run-on around 

e a c h l a n d t r e a t m e n t p l o t . R u n - o f f c o n t r o l w i l l a l s o 

c o n t i n u e t o u t i l i z e t h e berm a n d c o n t r o l l e d d i s c h a r g e 

a r r a n g e m e n t o p e r a t e d d u r i n g t h e a c t i v e l i f e o f t h e l a n d 

t r e a t m e n t s i t e . As p r e v i o u s l y d i s c u s s e d , t h e C h i c a g o 

R e f i n e r y w i l l s a m p l e a n d a n a l y z e r u n - o f f f r o m t h e l a n d 

t r e a t m e n t p l o t s t o document t h a t r u n - o f f i s n o n h a z a r d o u s . 

The r u n - o f f w i l l c o n t i n u e t o be d i r e c t e d t o t h e NPDES 

p e r m i t t e d w a s t e w a t e r t r e a t m e n t f a c i l i t y d u r i n g t h e 

p o s t - c l o s u r e p e r i o d . 
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The p o s t - c l o s u r e p l a n w i l l be amended whenever changes i n 

o p e r a t i n g p l a n s o r f a c i l i t y d e s i g n e f f e c t t h e p o s t - c l o s u r e 

p l a n , or s h o u l d c l o s u r e p l a n changes r e q u i r e m o d i f i c a t i o n s 

t o t h e p o s t - c l o s u r e p l a n . The p o s t - c l o s u r e p l a n w i l l be 

amended w i t h i n 60 days a f t e r s u c h a c h a n g e o c c u r s . The 

O p e r a t i o n s E n g i n e e r i s r e s p o n s i b l e f o r a m e n d i n g t h e 

p o s t - c l o s u r e p l a n a n d i n s u r i n g t h a t a l l r e v i s i o n s a r e 

i n c l u d e d i n t h e c o p i e s o f t h i s p e r m i t a p p l i c a t i o n m a i n t a i n e d 

a t t h e C h i c a g o R e f i n e r y . T h i s p o s t - c l o s u r e p l a n , and any 

r e v i s i o n s t h e r e t o , w i l l be a v a i l a b l e f o r i n s p e c t i o n a t the 

C h i c a g o R e f i n e r y , by e i t h e r I l l i n o i s or USEPA r e g u l a t o r y 

agency p e r s o n n e l . 

1-3 N o t i c e i n Deed and N o t i c e t o L o c a l Land A u t h o r i t y 

The C h i c a g o R e f i n e r y w i l l r e c o r d a n o t a t i o n on the deed and 

p r o p e r t y d e s c r i p t i o n o f t h e l a n d t r e a t m e n t a r e a ( a s 

p e r m i t t e d u nder t h i s P a r t B P e r m i t A p p l i c a t i o n ) t h a t w i l l , 

i n p e r p e t u i t y , n o t i f y a n y p o t e n t i a l p u r c h a s e r o f t h e 

p r o p e r t y t h a t t h e l a n d has b e e n used t o t r e a t h a z a r d o u s 

waste and t h a t i t s use i s r e s t r i c t e d under 40 CFR 264.117 

( c ) ; f u r t h e r , w i t h i n 90 d a y s a f t e r f i n a l c l o s u r e , t h e 

C h i c a g o R e f i n e r y w i l l have a s u r v e y made f o r t h e p u r p o s e o f 

p r e p a r i n g a p r o p e r t y p l o t s h o w i n g t h e l o c a t i o n o f the l a n d 
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t r e a t m e n t p l o t s , and t h i s s u r v e y p l o t w i l l be f i l e d w i t h 

b o t h t h e l o c a l l a n d a u t h o r i t y a n d t h e USEPA R e g i o n V 

A d m i n i s t r a t o r . A r e c o r d o f t h e t y p e o f h a z a r d o u s w a s t e s 

t r e a t e d a t t h e s i t e , t h e l o c a t i o n o f where t h e s e h a z a r d o u s 

w a s t e s were a p p l i e d and t h e q u a n t i t i e s , w i l l accompany the 

s u r v e y p l o t . 

1-4 C l o s u r e C o s t E s t i m a t e 

C l o s u r e c o s t i n f o r m a t i o n i s s u b m i t t e d i n a c c o r d a n c e w i t h t h e 

r e q u i r e m e n t s of 40 CFR 264.142, and 264.143. 

T h i s s u b s e c t i o n p r e s e n t s the c o s t e s t i m a t e f o r f i n a l c l o s u r e 

a n d t h e r e t i r e m e n t , d e c o n t a m i n a t i o n , and d i s p o s a l o f 

i n d i v i d u a l h a z a r d o u s w a s t e ' h a n d l i n g equipment a t t h e l a n d 

t r e a t m e n t s y s t e m , a c c o r d i n g t o t h e p r o c e d u r e s d e s c r i b e d i n 

th e p r e v i o u s s e c t i o n s . The e s t i m a t e d c o s t o f f i n a l c l o s u r e 

c o r r e s p o n d s t o t h e a c t i v i t i e s r e q u i r e d t o c l o s e the f a c i l i t y 

u n d e r t h e c o n d i t i o n s t h a t w o u l d make c l o s u r e t h e m o s t 

e x p e n s i v e , i n c l u d i n g : 

o Maximum a n t i c i p a t e d t r e a t m e n t o f 4,620 d r y 

tons of hazardous and nonhazardous wastes. 
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o Maximum e x t e n t o f f a c i l i t y o p e r a t i o n , as 

i n d i c a t e d on F i g u r e 1-2. . 

T h i s e s t i m a t e and a l l s u b s e q u e n t r e v i s i o n s w i l l be kept by 

t h e O p e r a t i o n s E n g i n e e r a t t h e r e f i n e r y a t a l l t i m e s , a n d 

w i l l be made a v a i l a b l e t o e i t h e r I l l i n o i s o r USEPA 

i n s p e c t o r s on r e q u e s t . I t s h o u l d be n o t e d t h a t s a l a r y c o s t s 

a n d o t h e r p e r s o n n e l r e l a t e d e x p e n s e s ( a s o b t a i n i n g 

s a m p l e s ) a r e not i n c l u d e d i n t h e c l o s u r e c o s t e s t i m a t e s i n c e 

t h e s e c o s t s w o u l d be o n - g o i n g c o s t s i n c u r r e d by the C h i c a g o 

R e f i n e r y . 

T h e t o t a l e s t i m a t e d c o s t o f f i n a l c l o s u r e o f t h e l a n d 

t r e a t m e n t o p e r a t i o n a m o u n t s t o $68,000 i n 1984 d o l l a r s 

( T a b l e 1 - 3 ) . T h i s i n c l u d e s t h e c o s t o f d e c o n t a m i n a t i o n of 

a l l h a z a r d o u s w a s t e h a n d l i n g e q u i p m e n t a n d d i s p o s a l o f 

c l e a n i n g r e s i d u e s w i t h i n t h e l a n d t r e a t m e n t a r e a , and t h e 

s o w i n g o f a f i n a l c o v e r m a t e r i a l t o c o n t r o l e r o s i o n . The 

c o s t o f d e c o n t a m i n a t i n g a n d d i s p o s i n g o f i n d i v i d u a l l y 

r e t i r e d equipment i s p r e s e n t e d i n T a b l e 1-4. 

The O p e r a t i o n s E n g i n e e r i s r e s p o n s i b l e f o r amending t h e 

e s t i m a t e d c o s t s f o r f i n a l c l o s u r e a n d f o r i n d i v i d u a l 

e q u i p m e n t r e t i r e m e n t whenever t h e s e c o s t s a r e a f f e c t e d by a 

c h a n g e i n t h e c l o s u r e p l a n . I n a d d i t i o n , t h e s e c o s t 
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e s t i m a t e s w i l l be a d j u s t e d f o r i n f l a t i o n as o f May 19 o f 

ea c h y e a r u s i n g an i n f l a t i o n f a c t o r d e r i v e d from the annual 

I m p l i c i t P r i c e D e f l a t o r f o r G r o s s N a t i o n a l P r o d u c t a s 

p u b l i s h e d by t h e U.S. Dep a r t m e n t o f Commerce i n i t s Survey 

of C u r r e n t B u s i n e s s . The i n f l a t i o n f a c t o r i s c a l c u l a t e d by 

d i v i d i n g t h e l a t e s t p u b l i s h e d a n n u a l D e f l a t o r by t h e 

D e f l a t o r f o r the p r e v i o u s y e a r . The p r e v i o u s y e a r ' s c l o s u r e 

c o s t e s t i m a t e i s t h e n a d j u s t e d by m u l t i p l y i n g i t by t h i s 

i n f l a t i o n f a c t o r . For example: 

1984 c l o s u r e c o s t e s t i m a t e $ 68,000.00 

1984 GNP d e f l a t o r @ 220.52 

1985 GNP d e f l a t o r ( h y p o t h e t i c a l ) @ 235.00 

1985 a d j u s t e d c l o s u r e c o s t would be a d j u s t e d by: 

------ ($68,000) = $ 72,465 

220.52 

E s t i m a t e s of t h e c o s t o f i n d i v i d u a l equipment r e t i r e m e n t as 

w e l l as t h a t o f f i n a l c l o s u r e w i l l be a d j u s t e d e a ch y e a r . 

T h i s e s t i m a t e , and a l l s u b s e q u e n t r e v i s i o n s w i l l be kept by 

t h e O p e r a t i o n s E n g i n e e r a t t h e r e f i n e r y a t a l l t i m e s , a n d 
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w i l l be made a v a i l a b l e t o e i t h e r I l l i n o i s o r USEPA 

i n s p e c t o r s on r e q u e s t . 

1-5 P o s t - C l o s u r e C o s t E s t i m a t e 

P o s t - c l o s u r e c o s t i n f o r m a t i o n i s s u b m i t t e d i n a c c o r d a n c e 

w i t h the requirements of 40 CFR 264.144 and 264.145. 

T h i s s u b s e c t i o n p r e s e n t s t h e c o s t e s t i m a t e f o r p o s t - c l o s u r e 

c a r e , i n c l u d i n g s e c u r i t y , m o n i t o r i n g , a n d p e r i o d i c 

maintenance. No equipment i s a n t i c i p a t e d as b e i n g r e q u i r e d , 

t h e r e f o r e , no c o s t e s t i m a t e f o r equ i p m e n t m a i n t e n a n c e and 

replacement i s i n c l u d e d . Should m a i n t e n a n c e be r e q u i r e d , i t 

i s i n t e n d e d t h a t c o n t r a c t s e r v i c e f o r s u c h m a i n t e n a n c e be 

w i l l be used. As w i t h t h e c l o s u r e c o s t e s t i m a t e , l a b o r and 

p e r s o n n e l c o s t s w i l l be i n c u r r e d by the Chicago R e f i n e r y . 

T h i s e s t i m a t e and a l l s u b s e q u e n t r e v i s i o n s w i l l be k e p t by 

t h e O p e r a t i o n s E n g i n e e r a t t h e r e f i n e r y a t a l l t i m e s , and 

w i l l be made a v a i l a b l e t o e i t h e r I l l i n o i s o r U S E P A 

i n s p e c t o r s on r e q u e s t . 

The t o t a l e s t i m a t e d p o s t - c l o s u r e c o s t s f o r t h e 30 y e a r 

p e r i o d a m o u n t s t o $ 2 2 0 , 5 0 0 i n 1984 d o l l a r s ( T a b l e 1 - 5 ) . 
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T h i s i n c l u d e s the c o s t f o r s e c u r i t y i n s p e c t i o n , s a m p l i n g and 

a n a l y t i c a l work, as w e l l as f e n c e and s i t e maintenance. 

The O p e r a t i o n s E n g i n e e r i s r e s p o n s i b l e f o r a m e n d i n g t h e 

e s t i m a t e d c o s t s f o r p o s t - c l o s u r e whenever t h e s e c o s t s a r e 

a f f e c t e d by a change i n the p o s t - c l o s u r e p l a n . As d e s c r i b e d 

i n S e c t i o n 1-4, t h e p o s t - c l o s u r e c o s t e s t i m a t e w i l l be 

a d j u s t e d a n n u a l l y f o r i n f l a t i o n by u s i n g t h e i d e n t i c a l 

p r o c e d u r e used f o r c l o s u r e c o s t s . 

1-6 F i n a n c i a l Assurance Mechanism f o r C l o s u r e , 

P o s t - C l o s u r e and L i a b i l i t y Requirements 

The C h i c a g o R e f i n e r y has e l e c t e d t o s a t i s f y t h e f i n a n c i a l 

a s s u r a n c e p r o v i s i o n s o f 40 CFR 264 .x43 and 40 CFR 264 .147 by 

u s i n g t h e f i n a n c i a l t e s t a n d c o r p o r a t e g u a r a n t e e f o r : 

c l o s u r e ; p o s t - c 1 o s u r e ; a n d , l i a b i l i t y r e q u i r e m e n t s f o r 

s u d d e n and n o n s u d d e n a c c i d e n t a l o c c u r r e n c e s o f S e c t i o n 

2 6 4 . 1 5 1 ( g ) . E x h i b i t s I - i , 1-2, and 1-3 a r e i n c l u d e d i n the 

back of t h i s S e c t i o n I t o document t h i s c o m p l i a n c e : 

E x h i b i t I - l : A l e t t e r f r o m C h i e f F i n a n c i a l 

O f f i c e r ( I l l i n o i s f o r m I L 5 3 2 - 1 2 0 6 ) , 

w o r d e d a s s p e c i f i e d i n S e c t i o n 

2 6 4 . 1 5 1 ( g ) a n d s i g n e d by P h i l i p 
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B l a n e y , V i c e - P r e s i d e n t , F i n a n c e , f o r 

U n o c a l C o r p o r a t i o n and U n i o n O i l o f 

C a l i f o r n i a . 

E x h i b i t 1-2: M a r c h 2 7 , 1984 , S p e c i f i e d r e p o r t 

f r o m i n d e p e n d e n t c e r t i f i e d p u b l i c 

a c c o u n t a n t Coopers and Lybrand. 

E x h i b i t 1-3: Copy o f the 1983 A n n u a l R e p o r t f o r 

t h e U n o c a l C o r p o r a t i o n , of which the 

Union O i l Company of C a l i f o r n i a i s a 

subs i d i a r y . 

T h e s e t h r e e E x h i b i t s w i l l be u p d a t e d a n n u a l l y , a n d t h e 

O p e r a t i o n s E n g i n e e r w i l l be r e s p o n s i b l e f o r r e p l a c i n g t h e s e 

E x h i b i t s i n e a c h c o p y o f t h e P a r t B p e r m i t a p p l i c a t i o n 

m a i n t a i n e d a t t h e C h i c a g o R e f i n e r y . Such u p d a t e d E x h i b i t s 

w i l l be a v a i l a b l e f o r i n s p e c t i o n a t t h e C h i c a g o R e f i n e r y by 

e i t h e r I l l i n o i s or USEPA r e g u l a t o r y agency p e r s o n n e l . 
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1-7 Proof of Financial Coverage by an Equivalent State 

Financial Mechanism 

The C h i c a g o R e f i n e r y w i l l meet t h e r e q u i r e m e n t s of 264.143, 

2 6 4 . 1 4 5 , a n d 2 6 4 . 1 4 7 w i t h o u t u s i n g any I l l i n o i s S t a t e 

mechanisms. 
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TABLE I - l 

EQUIPMENT DECONTAMINATION PROCEDURES 

1. E q u i p m e n t t o be d e c o n t a m i n a t e d w i l l be moved t o t h e 
edge o f one o f t h e l a n d t r e a t m e n t p l o t s , a t t h e u p p e r 
s l o p e , s u c h t h a t a l l w a s h / r i n s e w a t e r s w i l l f l o w away 
f r o m t h e e q u i p m e n t a n d be c o n t a i n e d on t h e l a n d 
t r e a t m e n t p l o t . 

2. A h i g h p r e s s u r e w a t e r s y s t e m ( h y d r o b l a s t ) w i l l be u s e d 
t o f l u s h a l l s o i l / w a s t e m a t e r i a l s t h a t a r e a d h e r i n g t o 
the equipment. T h i s h y d r o b l a s t w i l l i n c l u d e a l l o u t e r 
e q u ipment s u r f a c e s , u n d e r - c a r r i a g e , engine compartment 
and wheels or t r a c k s . A v i s u a l i n s p e c t i o n w i l l be made 
t o i n s u r e t h a t no o b v i o u s r e s i d u e s r e m a i n on t h e 
equipment. 

3. F o l l o w i n g t h e h y d r o b l a s t c l e a n i n g , a p o r t a b l e s t e a m 
g e n e r a t o r w i l l be u s e d t o p r o v i d e a t r i p l e s t e a m 
c l e a n i n g o f t h e e q u i p m e n t . A f t e r each steam c l e a n i n g , 
a c o l d water r i n s e w i l l be used on a l l s u r f a c e s . 

4. A f i n a l v i s u a l i n s p e c t i o n w i l l be made t o i n s u r e t h a t 
no p ockets or a c c u m u l a t i o n s of s o i l / w a s t e c a n be f o u n d . 
I f a n y s u c h a c c u m u l a t i o n s a r e f o u n d , t h e a b o v e 
procedures w i l l be r e p e a t e d . 
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TABLE 1-2 

POST-CLOSURE INSPECTION PROCEDURES 

R e s p o n s i b l e I n s p e c t i o n I n s p e c t i o n 
P e r s o n n e l Area Frequency C r i t e r i a 

S e c u r i t y Fence & Gates Weekly Gates l o c k e d 
Guards M o n i t o r i n g W e l l s (Random) S i g n s i n p l a c e 

No breaks i n f e n c e 

O p e r a t i o n s 
E n g i n e e r 

Roads Q u a r t e r l y P a s s a b l e , no p o t h o l e s 
Berms Q u a r t e r l y F a i l u r e ; E r o s i o n 
M o n i t o r i n g W e l l s Q u a r t e r l y Caps i n p l a c e ; 

a c c e s s i b l e 
S i t e C o n d i t i o n s Q u a r t e r l y G e n e r a l a e s t h e t i c s 
Run-on D i v e r s i o n Q u a r t e r l y C l e a r of d e b r i s 

D i t c h e s 
Run-off C o n t r o l Q u a r t e r l y C l e a r of d e b r i s 
Fence & Gates Q u a r t e r l y Locked & no breaks 
Signs Q u a r t e r l y I n - p l a c e & l e g i b l e 
V e g e t a t i o n Q u a r t e r l y Coverage & g e n e r a l 

c o n d i t i o n s 
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TABLE 1-3 

ESTIMATE OF CLOSURE COSTS 
3 YEAR PERIOD 

Estimated Cost 

D e s c r i p t i o n / A c t i v i t y (1984 D o l l a r s ) 

1. F i r s t Year 
P l o w i n g : 
(13.3 a c r e s ) ( 7 Times/Season)(1 h r / a c r e ) ( $ 1 2 / h r ) $1,120 
D i s c i n g : 
(13.3 a c r e s ) ( 1 4 Times/Season)(1 h r / a c r e ) ( $ 1 2 / h r ) 2,230 

2. Second Year 
P l o w i n g : 
(13.3 a c r e s ) ( 7 Times/Season)(1 h r / a c r e ) ( $ 1 3 / h r ) 1,210 
D i s c i n g : 
(13.3 a c r e s ) ( 1 4 Times/Season)(1 h r / a c r e ) ( $ 1 3 / h r ) 2,420 

3. Dec o n t a m i n a t i o n of Equipment 
A f t e r l a s t a p p l i c a t i o n 2,500 
A f t e r f i r s t year l f 2 5 0 
A f t e r second year 1,250 

4. Seeding 1,720 

5. Upgrade F e n c i n g 12,500 

6. Sampling and A n a l y t i c a l ; 3 Year P e r i o d 21,800 

7. S i t e Runoff and Run-on C o n t r o l System; 
R e p a i r and Upgrade 20,000 

$T8,000 

1-29 



R e v i s e d 12/1/85 

TABLE 1-4 

COST OF DECONTAMINATION AND DISPOSAL 
OF EQUIPMENT 

Estimated Cost 

D e s c r i p t i o n / A c t i v i t y (1984 D o l l a r s ) 

1. H y d r o b l a s t i n g : 

R e n t a l of Equipment 
Hoses & c o n n e c t i o n t o water h y d r a n t 
E l e c t r i c a l G enerator R e n t a l 

2. Steam C l e a n i n g : 

R e n t a l of Steam Generator 350 
Hoses & c o n n e c t i o n t o water hydrant 250 

$ 800 
600 
500 

3. Assumed Salvage V a l u e 

$2,500 

Note: Normal equipment requirements f o r the second and 
t h i r d year of c l o s u r e would reduce the above e s t i m a t e 
by a p p r o x i m a t e l y h a l f f o r each y e a r . 
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TABLE 1-5 

ESTIMATE OF POST-CLOSURE COSTS 
30 YEAR PERIOD 

D e s c r i p t i o n / A c t i v i t y 

1. Sampling and A n a l y t i c a l : 

Year 1 t o 3; Q u a r t e r l y Samples 
Year 4 t o 5; B i y e a r l y Samples 
Year 6 to 30; B i y e a r l y Samples 

Estimated Cost 

(1984 D o l l a r s ) 

$ 24,000 
16,500 

111,000 

Fence Maintenance: 

R e p a i r / r e p l a c e s e c t i o n s every 5 years 
6 repl a c e m e n t s x ($5,000 each) 30,000 

3. S i t e Maintenance ( g e n e r a l l y every 5 y e a r s ) : 

R e s e e d i n g ; 3 times a t $2,000/time 6,000 
Road and access c o n t r o l ; 6 times a t $2,000/time 12,000 
D r a i n a g e maintenance; 6 times a t $3,500/time 21,000 

$220,500 
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EQUIPMENT DECONTAMINATION PROCEDURES 

1. E q u i p m e n t t o be d e c o n t a m i n a t e d w i l l be moved to the 
edge of one of the l a n d t r e a t m e n t p l o t s , a t t h e u p p e r 
s l o p e , s u c h t h a t a l l w a s h / r i n s e waters w i l l flow away 
f r o m t h e e q u i p m e n t and be c o n t a i n e d on t h e l a n d 
treatment p l o t . 

2. A high pressure water system ( h y d r o b l a s t ) w i l l be u s e d 
t o f l u s h a l l s o i l / w a s t e m a t e r i a l s t h a t are adhering t o 
the equipment. T h i s h y d r o b l a s t w i l l i n c l u d e a l l o u t e r 
e q u i p m e n t s u r f a c e s , u n d e r - c a r r i a g e , engine compartment 
and wheels or t r a c k s . A v i s u a l i n s p e c t i o n w i l l be made 
t o i n s u r e t h a t no o b v i o u s r e s i d u e s r e m a i n on t h e 
equipment. 

3. F o l l o w i n g t h e h y d r o b l a s t c l e a n i n g , a p o r t a b l e steam 
g e n e r a t o r w i l l be u s e d t o p r o v i d e a t r i p l e s t e a m 
c l e a n i n g o f t h e equipment. A f t e r each steam c l e a n i n g , 
a c o l d water r i n s e w i l l be used on a l l s u r f a c e s . 

4. A f i n a l v i s u a l i n s p e c t i o n w i l l be made to i n s u r e t h a t 
no pockets or accumulations of s o i l / w a s t e c a n be f o u n d . 
I f a n y s u c h a c c u m u l a t i o n s a r e f o u n d , t h e a b o v e 
procedures w i l l be repeated. 
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TABLE 1-2 

POST-CLOSURE INSPECTION PROCEDURES 

R e s p o n s i b l e 
P e r s o n n e l 

I n s p e c t i o n 
Area Frequency-

I n s p e c t i o n 
C r i t e r i a 

S e c u r i t y 
Guards 

Fence & Gates 
M o n i t o r i n g W e l l s 

Weekly 
(Random) 

Gates l o c k e d 
S i g n s i n p l a c e 
No breaks i n fe n c e 

O p e r a t i o n s 
E n g i n e e r 

Roads 
Berms 
M o n i t o r i n g W e l l s 

S i t e C o n d i t i o n s 
Run-on D i v e r s i o n 

D i t c h e s 
R u n -off C o n t r o l 
Fence & Gates 
S i g n s 
V e g e t a t i v e Cover 

Q u a r t e r l y P a s s a b l e , no p o t h o l e s 
Q u a r t e r l y F a i l u r e ; E r o s i o n 
Q u a r t e r l y Caps i n p l a c e ; 

a c c e s s i b l e 
Q u a r t e r l y G e n e r a l a e s t h e t i c s 
Q u a r t e r l y C l e a r of d e b r i s 

Q u a r t e r l y C l e a r o f d e b r i s 
Q u a r t e r l y Locked & no breaks 
Q u a r t e r l y I n - p l a c e & l e g i b l e 
Q u a r t e r l y Coverage & g e n e r a l 

c o n d i t i o n s 
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TABLE 1-3 

ESTIMATE OF CLOSURE COSTS 
3 YEAR PERIOD 

Estimated Cost 
Des c r i p t i o n / A c t i v i t y (1984 Dollars) 

1. F i r s t Year 
Plowing: 
(13.3 acres)(7 Times/Season)(1 hr/acre)($12/hr) $1,120 
Discing: 
(13.3 acres)(14 Times/Season)(1 hr/acre)($12/hr) 2,230 

2. Second Year 
Plowing: 
(13.3 acres)(7 Times/Season)(1 hr/acre)($13/hr) 1,210 
Discing: 
(13.3 acres)(14 Times/Season) (1 hr/acre)($13/hr) 2,420 

3. Decontamination of Equipment 
After l a s t application 2,500 
After f i r s t year 1,250 
After second year 1,250 

4. Seeding 1,720 

5. Upgrade Fencing 12,500 

6. Sampling and A n a l y t i c a l ; 3 Year Period 21,800 

7. Site Runoff and Run-on Control System; 
Repair and Upgrade 20^000 

$68,000 
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TABLE 1-4 

COST OF DECONTAMINATION AND DISPOSAL 
OF EQUIPMENT 

Estimated Cost 
Des c r i p t i o n / A c t i v i t y (1984 Dollars) 

1. H y d r o b l a s t i n g : 

R e n t a l o f Equipment $ 800 
Hoses & c o n n e c t i o n t o water h y d r a n t 600 
E l e c t r i c a l G e n e r a t o r R e n t a l 500 

Steam C l e a n i n g : 

R e n t a l o f Steam G e n e r a t o r 350 
Hoses & c o n n e c t i o n t o water h y d r a n t 250 

3. Assumed S a l v a g e V a l u e 0 

$2,500 

Note: Normal equipment r e q u i r e m e n t s f o r t h e second and 
t h i r d y e a r o f c l o s u r e would reduce t h e above e s t i m a t e 
by a p p r o x i m a t e l y h a l f f o r each y e a r . 
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TABLE 1-5 

ESTIMATE OF POST-CLOSURE COSTS 
30 YEAR PERIOD 

Estimated C o s t 
D e s c r i p t i o n / A c t i v i t y (1984 D o l l a r s ) 

1. Sampling and A n a l y t i c a l : 

Year 1 t o 3; Q u a r t e r l y Samples $24,000 
Year 4 to 5; B i y e a r l y Samples 16,500 
Year 6 to 30; Y e a r l y Samples 55,500 

2. Fence Maintenance; 

R e p a i r / r e p l a c e s e c t i o n s every 5 y e a r s 

6 replacements x ($5,000 each) 30,000 

3. S i t e Maintenance ( g e n e r a l l y every 5 y e a r s ) : 

Reseeding; 3 times a t $2,000/time 6,000 
Road and access c o n t r o l ; 6 times a t $2,000/time 12,000 
Drainage maintenance; 6 times a t $ 3,500/time 21,000 

$165,000 
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FIGURE 1-3 

POST-CLOSURE INSPECTION LOG 

Date of Inspection: 
Name of Inspector: 

Note the Condition of the 
Following Items: 

1. Fence, Gates & Locks: 
2. Warning Signs: 
3. Berms: 
4. Monitoring Wells/Lysimeters; 
5. Roadways: 
6. Run-On Diversion Ditches? 
7. Run-off Control: 

Adequate Inadequate 

I f repairs are required, note below: 

Attach copies of a l l repair/maintenance r e q u e s t s and c o m p l e t i o n 
report or invoices. 

Signature 



EXHIBIT I - l 

Letter From Chief F i n a n c i a l O f f i c e r 

( I l l i n o i s Form IL 532-1206 LPC 154 2 /84) 



LETTER FROM CHIEF FINANCIAL OFFICER 

(To demonstrate liability coverage and/or to demonstrate 
both liability coverage and assurance of closure 

and/or post-closure care.) 

Du^tor 
Illinois Environmental Protection Agency 
2200 Churchill Road 
Springfield, Illinois 62706 

Dear Sir or Madam: 

I am the chief financial officer of Unocal Corporation and Union O i l Company of California, 461 South 
Boy Is ton Street, Los Angeles, CA(1) 90017 

This letter is in support of the use of the financial test to demonstrate financial responsibility for liability coverage and closure and/or 
(2) 

post-closure care M specified in Subpart H of 40 CFR Parts 264 and 265 and/or Subpart H of 35 Illinois 
Administrative Code Parta 724 and 725. 

The owner or operator identified above is the owner or operator of the following facilities for which liability coverage is being demonstrated through the 
financial test specified in Subpart H of 40 CFR Parts 264 and 265 and/or tests equivalent or substantially equivalent, andVor Subpart H of 35 Illinois 
Administrative Code Parts 724 and 725: 

USEPA I.D. No. See ATTACHMENT A " : . 

(3) 

Name , : 

Address : '. : -. ', __; 

Please attach a separate page if more space is needed for all facilities. 

See Instruction (4) 

1 This firm is the owner or operator of the following facilities for which financial assurance for closure and/or post-closure care is demonstrated 
through the financial test specified in Subpart H of 35 111. Adm. Code Parts 724 and 725. The current closure and/or post-closure cost estimates 
covered by the test are shown for each facility: (LIST A L L THE ILLINOIS FACILITIES USING THE FINANCIAL TEST) 

USEPA I.D. No. 04-15 50567 
(5) 

Name Chicago Refinery (Union O i l Company) 

Address 

City 

135th Street and New Avenue 

Lemont, IL 60439 

Closure 
Amount 

(6) 

$68,000 

Post-Closure 
Amount 

$165,000 

Closure and 
Post-Closure 

Amounts 
18) 

$233,000 

USEPA I.D. No. 

Name 

Address 

City 

Thia Agency ia authorized to require this information under Illinoii Reviaed fltetutee, 1981, Chapter 111 1/2, Section 21(f). Diacloaure of thii information ia required Failure to do ao may 
penalty not to exceed 125,000 per day of violation. Fabrication of thii information may conatilute a Clan 4 felony, which alao carriei a fine of up to $25,000 per day of violation for the fn 
form haa been approved by the Form! Management Center. 

IL 532-1206 LPC 164 2/84 



Please attach a separate page if more space is needed for all facilities. 

2. This firm guarantees, through the corporate guarantee specified in Subpart H of 35 111. Adm. Code Parta Parts 724 and 725, the closure and/or 
poet-cloauns care of the following facilities owned or operated by subsidiaries of this firm. The current cost estimates for closure and/or post-
cloeiu-e care so guaranteed are shown for each facility: (LIST ALL THE ILLINOIS FACILITIES USING THE CORPORATE GUARANTEE) 

Closure and 
Closure Post-Closure Post-Closure 

I ?A LP. No. Amount Amount Amounts 
(fi) (6) (7) (8) 

Name None 

Address 

City 

USEPA LP. No-

Name 

Address 

City 

Please attach a separate page if more space is needed for all facilities. 

3. For states other than Illinois this owner or operator or guarantor is demonstrating financial assurance for the closure or post-closure care of the 
following facility through the use of a test equivalent or substantially equivalent to th*> financial test specified in Subpart H of 40 CFR Parts 264 
and 265. The current closure and/or post-closure cost estimates covered by such a test are shown for each facility: (LIST ALL FACILITIES 
WHICH ARE NOT IN ILLINOIS BUT ARE SUBJECT TO A STATE OR FEDERAL FINANCIAL ASSURANCE REQUIREMENT THAT ARE 
ASSURED BY A FINANCIAL TEST OR CORPORATE GUARANTEE) . ' 

Closure and 
Closure Post-Closure Post-Closure 

T 3 A I.D. No. Amount Amount Amounts 
(B) • ' ( 6 ) ( 7 ) • ( 8 ) 

Name See ATTACHMENT B 

Address 

City 

USEPA LP. No. 

Name 

Address 

City 

Please attach a separate page if more space is needed for all facilities. 

4. This firm is the owner or operator of the following hazardous waste management facilities for which financial assurance for closure or, if a dis
posal facility, post-closure care, is NOT demonstrated either to IEPA, USEPA or a State through the financial test or any other financial 
assurance mechanism specified in Subpart H of 40 CFR Parts 264 and 265 or equivalent or substantially equivalent state mechanisms. The cur
rent closure and/or post-closure cost estimates not covered by such financial assurance are shown for each facility: (LIST FACILITIES IN RCRA 
AUTHORIZED STATES WHERE THERE IS NO STATE FINANCIAL ASSURANCE REQUIREMENT) 

Closure and 
Closure Post-Closure Post-Closure 

T A I.D. No. Amount Amount Amounts 
(6) (8) 17) (81 

Name Hone 



USEPA LP. No. 

Name 

Address 

Please attach a separate page if more space ia needed for all facilities. 

This owner or operator is required to f j i e _ Form 10K with the Securities and Exchange Commiasion (SEC) for the latest 
(8) 

fiscal year. 

The fiscal year of thiB owner or operator ends on December 31 • The figures for the following items marked with an asterisk 
(10) 

are derived from this owner's or operator's independently audited, year-end financial statements for the latest completed fiscal year, ended 
December 31. 1983 



Part A. Liability Coverage for Accidental Occurrencea (See Inatruction 12 and (13) 

Alternative I 

1. Amount of annual aggregate liability coverage to be demonstrated $ 

*2. Current aaseta $ 

•i /urrent liabilities $ 

4. Net working capital (line 2 minus line 3) $ 

•5. Tangible net worth $ 

*6. If leas than 90% of aaaeta are located in the U.S., give total U.S. aaseta $ 

Yes No 

7. Ia line 6 at leaat $10 million? / 

8. Is line 4 at least 6 times line 17 / 
9. Is line 5 at least 6 times line 1 ? ".. _ _ / _ '1 

•10. Are at leaat 90% of aaseta located in the U.S.? / 
If not, complete line 11. 

11. Is line 6 at least 6 times line 17 / 

Signature 

Typed name 

Title 

Date 

Part A- Liability Coverage for Accidental Occurrencea (See Instruction 12 and (13) 

Alternative II 

1. Amount of annual aggregate liability coverage to be demonstrated $ 

2. Current bond rating of most recent issuance and name of rating service 

3. Date of issuance of bond —: 

4. Date of maturity of bond 

*5. Tangible net worth • • • $ 

*6. Total aaseta in U.S. (required only if less than 90% of assets are located in U.S.) $ 

Yes No 

7. Is line 5 at least $10 million? / 

8. Is line 5 at least 6 times line 1 ? • • / 
*9. Are at least 90% of assets located in the U.S.? / 

If not, complete line 10. 
10. Is line 6 at least 6 times line 1 ? / 

>ture 

Typed name 

Title 

Date 



Part 

1. 

2 

3. 

"4. 

*5. 

*6. 

•7. 

•8. 

9. 

•10. 

•11. 

12. 
13. 
14. 

•15. 

16. 
17. 
18 
IS 

B. Closure or Post-Closure Care and Liability Coverage (See Instructions 14 and 15) 

Alternative I 

Sum of current closure and poat-closure cost estimates (total of all cost eatimatea Hated above) 

Amount of annual aggregate liability coverage to be demonstrated 

Sum of lines 1 and 2 

Total liabilities (if any portion of your closure or post-closure coat estimates is included in your total liabilities, 
you may deduct that portion from this line and add that amount to lines 5 and 6) 

Tangible net worth 

Net worth 

Current assets 

Current liabilities 

Net working capital (line 7 minus line 8) 

The sum of net income plus depreciation, depletion, and amortization 

Total assets in U.S. (required only if less than 90% of assets are located in the U.S.) 

Is line 5 at least $10 million? 
Is line 5 at least 6 times line 3? 
Is line 9 at least 6 times line 3? 
Are at least 90% of assets located in the U.S.? 
If not, complete line 16. 
Is line 11 at least 6 times line 3? 

Ts line 10 divided by line 4 greater than 0.1? 
j line 7 divided by line 8 greater than 1.5? . 

11.455.140 

8,000,000 

19,455,140 

4,047.9 m i l l i o n 

5.180.1 m i l l i o n 

5,180.1 m i l l i o n 

1,896.4 m i l l i o n 

1.439.6 m i l l i o n 

456.8 m i l l i o n 

1,422.6 m i l l i o n 

7,759.1 m i l l i o n 

Yes 

J _ _ 

No 

Is line 4 divided by line 6 less than 2.0? iL. 

Signature 

Title Vice President, Finance 
Date March 27, 1984 



Part B. Cloaure or Post-Closure Care and Liability Coverage (See Instructiona 14 and 16) 

Alternative II 

1 1. Sum or ctirrent cloaure and poat-cloaure cost eatimatea (total of all coat eatimatea listed above) 9 

9 Amount of annual aggregate liability coverage to be demonstrated 9 

1' 
B. Sum of lines 1 and 2 • 9 

4. Current bond rating of moet recent iaauance and name of rating service 

6. Date of iaauance of bond 

6. Date of maturity of bond ^ 

•7. Tangible net worth (if any portion of the cloaure or post-cloeure coat estimates ia included in 
"total liabilities" on your financial statements you may add that portion to this line) $ 

*8. Total assets in the U.S. (required only is leas than 90% of assets are located in the U.S.) 9 1 

9. Ia line 7 at least $10 million? 
10. Is line 7 at least 6 times line 3? 

*11. Are at least 90% of aaseta located in the U.S.? 
If not, complete line 12. 

12. Ia line 8 at least 6 times line 3? 

Typed nam. Philip jfeamey 

T i U* Vice President, Finance 

March 27, 1984 



ATTACHMENT A. 

EPA I.D. No. TXD010794097 - Beaumont Refinery. P.O. Box 
237, Beaumont, TX 77627 
Closure Cost Est. $4,081,000 Post-Closure Est. 
$2,489,000 
Closure and Post-Closure $6,570,000 

EPA I.D. No. ILD041550567 - Chicago Refinery, 135th St. & 
New Avenue, Lemont, IL 60439 
Closure Cost Est. $68,000 Post-Closure Cost Est. 
$165,000 
Closure and Post-Closure $233,000 

EPA I.D. No. CAD009108705 - San Francisco Refinery, Rodeo, 
CA 94572 
Closure Cost Est. $394,000 Post-Closure Cost Est. 
$361,000 
Closure and Post-Closure $755,000 

EPA I.D. No. CAT080010796 - Santa Maria Refinery, Rt. 3 
Box 7600, Arroyo Grande, CA 93420 
Closure Cost Est. $520,000 Post-Closure Est. None 
Closure and Post-Closure $520,000 

EPA I.D. No. ORD000618041 - Union Chemicals Nitrogen Div. 
Rivergate Terminal, 14003 N. Rivergate Blvd, Portland, 
OR 97203 
Closure Cost Est. $200 Post-Closure Cost Est. None 
Closure and Post-Closure $200 

EPA I.D. No. AKD092876390 - Kenai Plant, P.O. Box 575, 
Kenai, AK 99611 
Closure Cost Est. $232,000 Post-Closure Cost Est. None 
Closure and Post-Closure $232,000 

EPA I.D. No. CAD000626135 - Union Chemical Nitrogen Div. 
Sacramento Terminal, 3961 Channel Drive, West 
Sacramento, CA 95691 
Closure Cost Est. $400 Post-Closure Est. None 
Closure and Post-Closure $400 

EPA I.D. No. COD076448794 - Molycorp, Inc., P.O. Box 37, 
Louviers, CO 80131 
Closure Cost Est. $209,600 Post-Closure Est. None 
Closure and Post-Closure $209,600 



ATTACHMENT A. 
(continued) 

EPA I.D. No. PAD003025624 - Molycorp, Inc., 350 N. Sherman 
St., York, PA 17403 
Closure Cost Est. $11,940 Post-Closure Est. None 
Closure and Post-Closure $11,940 

EPA I.D. No, CAD009539321 - Molycorp, Inc. Mountain Pass 
Operation, Mountain Pass, CA 92366 
Closure Cost Est. $2,340,000 Post-Closure Est. $260,000 
Closure and Post-Closure $2,600,000 

EPA I.D. No. PAD030068282 - Molycorp, Inc. 
P.O. Box 500, Washington, PA 15301 
Closure Cost Est. $319,000 Post-Closure Est. $2,000 
Closure and Post-Closure $321,000 

EPA I.D. No. WAC068794387 - A l l s t a t e O i l Co. dba Inman O i l 
Co., 1300 W. 12th St., Vancouver, WA 98660 
Closure Cost Est. $2,000 Post-Closure Est. None 
Closure and Post-Closure $2,000 



ATTACHMENT B. 

EPA I.D. No. TXD010794097 - Beaumont Refinery, P.O. Box 
237, Beaumont, TX 77627 
Closure Cost Est. $4,081,000 Post-Closure Est. 
$2,489,000 
Closure and Post-Closure $6,570,000 

EPA I.D. No. CAD009108705 - San Francisco Refinery, Rodeo, 
CA 94572 
Closure Cost Est. $394,000 Post-Closure Cost Est. 
$361,000 
Closure and Post-Closure $755,000 

EPA I.D. No. CAT080010796 - Santa Maria Refinery, Rt. 3 
Box 7600, Arroyo Grande, CA 93420 
Closure Cost Est. $520,000 Post-Closure Est. None 
Closure and Post-Closure $520., 000 

EPA I.D. No. ORD000618041 - Union Chemicals Nitrogen Div. 
Rivergate Terminal, 14003 N. Rivergate Blvd, Portland, 
OR 97203 
Closure Cost Est. $200 Post-Closure Cost Est. None 
Closure and Post-Closure $200 

EPA I.D. No. AKD092876390 - Kenai Plant, P.O. Box 575, 
Kenai, AK 99611 
Closure Cost Est. $232,000 Post-Closure Cost Est. None 
Closure and Post-Closure $232,000 

EPA I.D. No. CAD000626135 - Union Chemical Nitrogen Div. 
Sacramento Terminal, 3961 Channel Drive, West 
Sacramento, CA 95691 
Closure Cost Est. $400 Post-Closure Est. None 
Closure and Post-Closure $400 

EPA I.D. No. COD076448794 - Molycorp, Inc., P.O. Box 37, 
Louviers, CO 80131 
Closure Cost Est. $209,600 Post-Closure Est. None 
Closure and Post-Closure $209,600 



ATTACHMENT B. 
(continued) 

EPA I.D. No. PAD003025624 - Molycorp, Inc., 350 N. Sherman 
St., York, PA 17403 
Closure Cost Est. $11,940 Post-Closure Est. None 
Closure and Post-Closure $11,940 

EPA I.D. No. CAD009539321 - Molycorp, Inc. Mountain Pass 
Operation, Mountain Pass, CA 92366 
Closure Cost Est. $2,340,000 Post-Closure Est. $260,000 
Closure and Post-Closure $2,600,000 

EPA I.D. No. PAD030068282 - Molycorp, Inc. 
P.O.- Box 500, Washington, PA 15301 
Closure Cost Est. $319,000 Post-Closure Est. $2,000 
Closure and Post-Closure $321,000 

EPA I.D. No. WAC068794387 - A l l s t a t e O i l Co. dba Inman O i l 
Co., 1300 W. 12th St., Vancouver, WA 98660 
Closure Cost Est. $2,000 Post-Closure Est. None 
Closure and Post-Closure $2,000 



EXHIBIT 1-2 

Report From Independent C e r t i f i e d 

P u b l i c Accountant 



Coopers 
&Lybrand 

certified public accountants 1000 West Sixth Street 
Post Oflice Box 17919 
Los Angeles, Ca 90017-0919 

in principal areas of the world 

telephone (213) 481-1000 
telex 9103213148 
cablos Colybrand 

March 27, 1984 

Union O i l Company of C a l i f o r n i a 
Union O i l Center 
Los Angeles, C a l i f o r n i a 90017 

Gentlemen: 

We have examined the consolidated balance sheet of Unocal 
Corporation and i t s consolidated subsidiary, Union O i l Company 
of C a l i f o r n i a , as of December 31, 1983, and related consolidated 
statements of earnings, shareowners' equity, and changes in 
f i n a n c i a l p osition for the year then ended, and have issued our 
report thereon dated February 14, 1984. Our examination was 
made in accordance with generally accepted auditing standards 
and, accordingly, included such tests of the accounting records 
and such other auditing procedures as we considered necessary in 
the circumstances. 

At your request, we performed the following agreed-upon 
procedures: 

1. Read 40 CFR 264.147 (f) (3) ( i i i ) of the Environmental 
Protection Agency (EPA) "Standards Applicable to Owners and 
Operators of Hazardous Waste Treatment, Storage, and 
Disposal F a c i l i t i e s : L i a b i l i t y Requirements" in the Federal 
Register dated A p r i l 16, 1982. Such section sets forth the 
reporting requirements of the auditors of Unocal Corporation 
and i t s consolidated subsidiary, Union O i l Company of 
C a l i f o r n i a , pursuant to the EPA rules and regulations. 

2. As to the following selected f i n a n c i a l data required by 40 
CFR 264.151(g) Part B: 

A. We compared the amounts l i s t e d below for December 31, 
1983 and for the year then ended to the aforementioned 
consolidated f i n a n c i a l statements and related notes to 
consolidated f i n a n c i a l statements and found them to be 
in agreement. 

B. We compared the amounts as l i s t e d below to Union O i l 
Company of C a l i f o r n i a ' s l e t t e r dated March 27, 1984, 
found them to be in agreement. 



Union O i l Company of C a l i f o r n i a 
March 27, 1984 
Page 2 

In M i l l i o n s 

Selected F i n a n c i a l Data Of Dollars 

Total l i a b i l i t i e s 

Tangible net worth 

Net worth 

Current assets 

Current l i a b i l i t i e s 

Net income $6 25.9 

Depreciation and amortization 796.7 

Asset Data 

United States $7,206.1 

Corporate and unallocated 553.0 

Total assets in the United States 7,759.1 

Foreign assets 1,468.9 

Total consolidated assets $9,228.0 

In connection with the procedures referred to above, no matters 
came to our attention that caused us to believe that the above 
amounts should be adjusted. 

Very t r u l y yours, 



EXHIBIT 1-3 

Most Recent Annual Report 

Unocal Corporation 





The Cover 
Union Oil Company of California's 
familiar "76" trademark has long been 
a sign of quality motor fuels and lubri
cants. Today, the well-known "Sign of 
the 76" stands not only for petroleum 
products, but also a wide range of chem
icals, fertilizers and specialty metals 
which are sold in the United States and 
overseas. 

1984 Annual Meeting 
The 1984 annual meeting of sha: 
owners wil l be held on Monday, 
April 30, 1984, at 10:00 a.m. Paci 
Daylight Saving Time in the aud i 
rium of Union Oil Center, 461 S 
Boylston Street, Los Angeles, Ca 
nia. The Board of Directors extet 
cordial invitation to all shareow 
to attend this meeting. A formal 
notice, together with a proxy star, 
ment and form of proxy, will be 
mailed to each shareowner in M ; 
at which time proxies wil l be 
requested by management. 

Services for Shareowners 
The following may be obtained I 
writing to the Corporate Secretaire 
Unocal Corporation, P.O. Box 7c5~ 
Los Angeles, California 90051 o i _ 
calling toll free California (800) 
252-0470, toll free outside Calif; 
(800) 421-8086: 

Annual Report on Form 10-K, 
filed with the Securities and 
Exchange Commission. 

Chairman and President Fred 
Hartley's regular newsletter to 
employees. 

Information concerning the A" 
matic Dividend Reinvestment 
Service, which provides a simple 
method to reinvest dividends an 
to invest additional funds toward 
purchase of the company's comn 
shares. 

Seventy Six magazine containin 
articles concerning company 
activities. 

Information concerning your 
shareholder account. 

Stock Transfer Agent 
Union Oil Company of C a l i f o r n i a 

Los Angeles, California 90051 

Stock Registrar 
Security Pacific National Bank 
Los Angeles, California 90051 



Highlights 

1983 1982 1 9 8 1 

Financial 
(dollars in millions except 

per share amounts) 
Total revenues $10,690.5 $10,899.1 $11,296.2 
Net earnings $ 625.9 S 804.O $ 791.4 

Per share $3.60 $4.63 $4.56 
Return on average 

shareowners' equity 12.6% 18.2% 20.8% 
Cash dividends declared—per share $1.00 $1.00 $.90 
Shareowners' equity $ 5,180.1 S 4,745.1 $ 4,114.2 

Per share $29.82 $27.33 $23.70 
Capital and exploration expenditures $ 1,751.0 $ 2,075.7 $ 1,961.4 
Total assets $ 9,228.0 s 8,511.3 $ 7,592.8 
Funds provided from operations 

(cash flow) $ 1,799.2 $ 1,987.1 $ 1,811.7 

Operations 
Reserves at year end 

Crude oil (million barrels) 715 728 731 
Natural gas (billion cubic feet) 6,365 6,393 7,121 
Geothermal 

(billion kilowatt hours) 202 208 210 
P ro ducti o n—dai ly 

Crude oil (barrels) 226,000 220,000 215,800 
Natural gas (thousand cubic 

feet) 982,500 1,178,900 1,206,300 
Natural gas liquids (barrels) 17,500 20,100 20,300 
Geothermal (million kilowatt 

hours) 16.0 13.7 12.7 
Input to crude oil processing units 

(barrels daily) 380,300 363,900 372,400 
Sales of petroleum products 

(barrels daily) 386,000 364,200 365,300 

Net Earnings 

9QQ Million Dollars 

800 

700 — — 

;— 600 

— — 

;— 

500 

;— 

400 

;— 

300 

;— 

200 

;— 

100 

;— 

0 

;— 

79 80 81 82 83 

o 



To our shareowners: 

For the record, 1983 was the year U n i o n O i l Company o f Cal i fo rn ia , a 
Cal ifornia corporation, became the subsidiary of Unoca l C o r p o r a t i o n , 
a Delaware ho ld ing company. The major purpose o f this reincorpora
tion, which was approved at the A p r i l annual meeting by a substantial 
majority, is to assure that all shareholders are treated fairly i f an out
side group should attempt to obtain control of the company. In addi
tion, the ho ld ing company structure provides added f lexibi l i ty fo r the 
company to expand, i f economically sound, into areas (such as regu
lated industries) that are currently diff icul t for U n i o n O i l to enter. 

The year 1983 was a year o f change, both for Unoca l and the petro
leum industry. Reflecting the combined impacts o f three industry-wide 
adverse factors — reduced natural gas sales, lower average natural gas 
prices and depressed refining and marketing margins—Unocal 's earn
ings declined by 22 percent f r o m 1982's record high level. W i t h the 
present general improvement in business conditions and the return to 
a more normal winter, we now anticipate higher earnings in 1984. 

Net 1983 earnings by Unoca l Corporat ion and its whol ly owned 
subsidiary, U n i o n O i l Company o f Cal i fornia , were $626 m i l l i o n , 
down f rom $804 m i l l i o n in 1982. Earnings per share were $3.60, com
pared with $463 f r o m the previous year. Total 1983 revenues were 
$10.7 b i l l ion , down f rom $10.9 b i l l i on in 1982. 

Because o f lower earnings, we reduced 1983's capital and explora
tion spending to $1.75 b i l l ion , down f rom nearly $2.1 b i l l i o n in 1982. 
Some $ 1 4 b i l l i o n , or 83 percent o f 1983\s spending, was for energv-
related activities — o i l and gas, shale o i l , geothermal and coal. 

Fortunately, competit ion significantly reduced construction and 
dr i l l ing costs, so we got more for our money compared to the b o o m 
oi l years of the early 1980s. 

The company's financial structure continues to be strong. A t the 
end o f 1983, long-term debt, including capital lease obligations, was 
20.1 percent o f total capitalization, compared with 21.1 percent in 
1982. Dividends paid per common share totaled one dol lar in 1983, 
the 68th consecutive year in which quarterly cash dividends were paid. 

It is encouraging to note that 1983 saw significant gains in the 
nation's economy: 
• Inflation in 1983 was 3.2 percent, the lowest rate since 1967 and 
down drastically f r o m the 1980 high o f 13.5 percent. 
B Employment is at an all-time high and worker productivity is increas
ing. F r o m 1982 to 1983, productivity increased by nearly three percent 
per man hour, with a similar increase expected in 1984. Lower inf la
tion and higher productivity can be the springboard for long- te rm 
prosperity at stable prices. 

Interest rates are down sharply f r o m the 21 percent prime rate in 
1981, but for some reason remain three percent or more higher than 
they should be and are, therefore, a continuing possible cause fo r a 
future surge of inflat ion. 



Capital and Exploration 
Expenditures 
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Despite the short-term problems of 1983, our strategy for the future 
has not changed. We are an independent high-technology company 
seeking innovative and profitable ways to f ind and produce a variety o f 
the earth's resources. We continue to focus on expanding our resource 
base, especially domestic oi l and natural gas, on reducing costs, and on 
pursuing ways to expand the markets for our products. 

Both our worldwide and our domestic o i l production rose in 1983. 
Our year-end domestic o i l reserves exceeded those o f the prior year. 

Our refining, marketing and chemical operations, despite the prob
lems of a recession and general product oversupply, all operated eff i
ciently and profitably. Our total sales of refined petroleum products 
increased by six percent, to 386,000 barrels per day. 

At year end, we successfully brought into production our large new 
molybdenum mine and modernized m i l l at Questa, New Mexico —a 
$250 m i l l i o n vote o f confidence in the future. 

Our alternative energy resources—geothermal and o i l shale —also 
continue to grow i n importance. O f the dollars invested in energy-
related projects in 1983, 13 percent was spent on geothermal energy 
and o i l shale projects. 

In 1983, our net geothermal production in the Uni ted States and the 
Phil ippines was up 17 percent f r o m the prior year, and was the energy 
equivalent o f 24,000 barrels o f o i l per day. At year end, we had com
pleted work on Phase I o f our commercial shale o i l project—a 10,000 
barrel per day plant in western Colorado —and moved into equipment 
testing and start-up activities. 

Innovation remains the key to our future —in resource development, 
in process technology and in products and services. Wi th our proven 
management team and our strong financial structure, I am confident 
that our long-term outlook is excellent. 

I wish to thank our shareowners, employees and customers for their 
continued strong support. 

Chairman and President 
February 27, 1984 
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Worldwide Petroleum 
Exploration and 
Production Highlights 

• Second consecutive year of 
higher worldwide crude oil 
production. 
• Increases in domestic crude oil 
reserves and production. 
• Discovery of an important new 
oil field in the Santa Maria Basin 
offshore California. 

Capital and exploration expendi
tures for petroleum exploration and 
production activities, the founda
tion of the company's growth and 
continued profitability, totaled 
nearly $1.2 billion in 1983, an 
18 percent decrease from 1982. Of 
this total, 52 percent was spent in 
the United States. 

Worldwide net crude oil and 
condensate production averaged 
226,000 barrels per day, up three 
percent from 220,000 barrels 
per day in 1982. Net proven crude 
oi l and condensate reserves were 
715 million barrels, compared with 
728 million barrels in 1982. 

Net natural gas production for 
the year averaged 982 million cubic 
feet per day, compared with 
1,179 million cubic feet per day 
during 1982. Year-end worldwide 
natural gas reserves were 6,365 
billion cubic feet, compared with 
6,393 billion cubic feet in 1982. 

Union Oil and Gas Division 
Domestic capital and exploration 
expenditures totaled nearly $606 
million in 1983, a 31 percent 
decrease from 1982. This invest
ment resulted in bringing new 
fields into production, discovering 
new reserves and acquiring compet
itive lease positions in prime 
prospective areas. 

Domestic operations represented 
68 percent of the company's crude 
oil production and 83 percent of its 
natural gas production. In the U.S., 
crude oi l and condensate produc
tion averaged 152,900 barrels per 
day, up one percent from 151,300 
barrels per day in 1982. Domestic 
crude oil and condensate reserves 
were 527 million barrels, an in
crease from 523 mill ion barrels at 
the end of 1982. 

Net domestic natural gas produc
tion averaged 817 mill ion cubic feet 
per day, compared with 1,036 
mill ion cubic feet per day in 1982. 
This lower level reflected reduced 
demand for natural gas due to the 
recession, a mild winter and conser
vation. Our average domestic natu
ral gas sales price dropped from 
$2.33 per thousand cubic feet in 
1982 to $2.15 this year. Domestic 
natural gas reserves were 5,049 
bil l ion cubic feet, compared with 
5,170 billion cubic feet in 1982. 

At year end, demand for natural 
gas in the home heating and com
mercial markets showed improve
ment while demand lagged in the 
industrial area where conservation 
and fuel switching had greater 
impact. We believe this lower pro
duction and average price is a short-
term problem, and we anticipate 
that natural gas demand and 
revenues will increase in 1984. 

One principal area of activity 
was offshore California where 
Union's operations yielded in
creased production and a significant 
crude oil discovery. 

Natural gas production began in 
December from Platform Habitat in 
the Pitas Point field in the Santa 
Barbara Channel. Production is ex
pected to reach 60 mill ion cubic 
feet per day by mid-1984. Union has 
a 60 percent interest in the field. 

Union's aggressive domestic exploration 
program included this wildcat well on 
the Alabama-Coushatta Indian Reserva
tion in Texas, 75 miles northeast of 
Houston. Natural gas has been tested on 
these lands, and follow-up drilling is 
planned in early 1984. 





Platform Helder is in one of the three 
oil fields developed by Union in the 
Dutch sector of the North Sea. In 1983, 
oil production from theHelder, Helm 
and Hoorn fields off the coast of the 
Netherlands reached more than 30,000 
barrels per day. 



Offshore Huntington Beach, 
Union holds a 46 percent interest in 
the new Beta field. A platform was 
installed in the field, and crude oi l 
production wil l begin in 1984. 

Union discovered the Point 
Pedernales oil field on a federal 
lease block in the Santa Maria Basin. 
Follow-up drilling confirmed the 
initial discovery, which is part of 
one of the most promising offshore 
oil development areas of recent 
years. A f i e l d development plan 
submitted to the County of Santa 
Barbara calls for installation of one 
or more platforms with an undersea 
pipeline to shore. Production could 
begin late in 1985 i f there are no 
permitting delays. Union owns a 
one-third interest in the field. 

In Texas, Union's onshore explo
ration program found natural gas 
on the Alabama-Coushatta Indian 
reservation, 75 miles northeast of 
Houston. The first well tested at an 
initial rate of 13.5 million cubic feet 
of gas per day, and the company 
plans additional drilling on these 
lands early in 1984. 

Union was an active participant in 
federal offshore lease sales in 1983. 
The company spent $118 million in 
bonus payments for varying inter
ests in 66 tracts covering nearly 
328,000 acres in Alaska, the Gulf of 
Mexico, and the Atlantic Ocean. 

Enhanced recovery projects using 
thermal and chemical techniques 
played an important role in increas
ing oil production. Steam projects 
have been particularly successful in 
California where heavy oil produc
tion exceeds 15,000 barrels per day. 

To expand the use of advanced 
techniques to analyze prospects and 
provide improved information for 
area-wide lease sales, Union estab
lished new geophysical processing 
centers in Anchorage and Houston. 

Foreign Oil and Gas Operations 
The company's major 1983 foreign 
exploration, development and pro
duction efforts were in Thailand, 
Indonesia, the Netherlands, Ireland, 
United Kingdom, and Canada. 
Capital and exploration expendi
tures totaled $556 million. 

Net foreign crude and conden
sate production averaged 73,100 
barrels per day, up six percent from 
68,700 barrels per day in 1982. For
eign crude and condensate reserves 
at year end were 188 million barrels, 
compared with 205 million barrels 
the year before. 

Net foreign natural gas produc
tion, principally in Thailand, 
Indonesia and Canada, averaged 
165 million cubic feet per day, up 
15 percent from 143 million cubic 
feet per day last year. Foreign natu
ral gas reserves were 1,316 billion 
cubic feet, up nearly eight percent 
from 1,223 billion cubic feet at 
year-end 1982. 

Union International Oil Division 
In Indonesia, Union extended the 
productive limits of the Attaka field 
offshore East Kalimantan and is de
veloping two new smaller offshore 
fields, Rajah and West Yakin. These 
two new fields will begin producing 
by mid-1984. 

Crude oil production began in 
luly from Hoorn, the third field 
developed by Union in the Dutch 
sector of the North Sea. Gross pro
duction from the Hoorn, Helm and 
Helder fields reached more than 
30,000 barrels per day, 20 percent 
above earlier peak production esti
mates. Union has an 80 percent in
terest in the three fields. 
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Union continued offshore explo
ration efforts elsewhere in north
western Europe. The company has a 
one-third interest in an oil discov
ery off southeast Ireland in the 
Celtic Sea. The discovery well 
tested at a combined daily rate of 
9,900 barrels of 44 degree API oil 
and 2.1 mill ion cubic feet of natural 
gas. A confirmation well is under
way to help determine the size of 
the field. If the field is commercial, 
it wil l be the first o i l field in 
Ireland. Union holds interests rang
ing from 14 to 33 percent in 15 
blocks offshore southern Ireland. 

In the United Kingdom sector of 
the North Sea, Union discovered oil 
on block 29/8B. Located 140 miles 
southeast of Aberdeen in 330 feet 
of water, the well tested at a rate of 
4,315 barrels of 41.2 degree API oil 
per day. Union's interest in the 
block is approximately 40 percent. 
The company wil l serve as operator 
and conduct additional exploration 
to determine whether the discovery 
is commercial. 

Union Oil Company of Thailand 
Union began production of natural 
gas from the Baanpot field in the 
Gulf of Thailand in November 
under the second sales agreement 
with the Petroleum Authority of 
Thailand. The field development 
schedule was accelerated to allow 
early production just seven months 
after the start of development. 

Two other fields included in the 
second contract, Platong and Satun, 
wil l begin production in 1985. 

Development of the Erawan field 
continued in 1983 with the installa
tion of two additional platforms. 
Seven well platforms are operating 
in the field, with three more sched
uled to be added in 1984. For the 
year, gross production from Erawan 
averaged 146 mill ion cubic feet per 
day. Union holds an 80 percent in
terest in the field. 

Union Oil Company 
of Canada Limited 
Union made good progress in 
several areas through its wholly 
owned subsidiary, Union Oi l 
Company of Canada Limited. The 
company acquired two exploration 
licenses in north central Alberta, 
giving it an interest in 5,120 acres 
on trend with the Slave field where 
Union made an oil discovery in 
1982. Two wells drilled this year 
confirmed the discovery. Another 
well, drilled as an extension to the 
main pool, encountered 44 feet of 
oi l pay, the most promising well 
drilled in the field to date. 

Dril l ing activity in Canada in
cluded 41 exploration and develop
ment wells resulting in 14 oil and 
10 natural gas wells. 

For the year, our net crude o i l 
and condensate production in 
Canada averaged 11,600 barrels per 
day, up two percent from 1982. Net 
natural gas production averaged 
46.9 million cubic feet per day, 
11 percent above the 42.3 mill ion 
cubic feet per day the previous year. 

A bitumen, or very heavy oi l , 
pilot research project operated by 
Union in northeast Alberta contin
ued to show encouraging results. 
Union and its partners are studying 
the possibility of expanding this 
steam injection project to a produc
tion rate of 5,000 barrels per day by 
the end of 1985. 

Construction of the Obed Marsh 
Thermal Coal Project in west cen
tral Alberta progressed on schedule 
in 1983. Initial coal production is 
expected in mid-1984 with first de
liveries to customers following in 
the fourth quarter. The three 
million ton per year project is 
located seven miles from the 
Canadian National Railway, ensur
ing efficient and reliable access to 
Canada's major western coal ports. 

Union will own in excess of 
90 percent of the project when the 
mine construction is completed. 



Continued development drilling and 
the addition of two new platforms 
enabled Union to produce an average 
of146 million cubic feet per day^ of nat
ural gas from the Erawan field in the 
Gulf of Thailand. Three more produc
tion platforms are planned for installa
tion in the field in 1984. 



A drilling crew adds a string of drill 
pipe to a geothermal exploration well 
on the island of Java in Indonesia. 
During 1983, Union drilled four suc
cessful geothermal exploration wells in 
the Gunung Salak area, located 40 
miles south of Jakarta. 



Alternative Energy Resources 
Highlights 

• Fifth straight year of increased 
geothermal energy production. 
• Successful geothermal explora
tion in Indonesia. 
• Completion of construction and 
beginning of start-up at the nation's 
first commercial shale oil project. 

Union is the world leader in two 
important alternative energy 
resources —geothermal energy and 
oil shale. During 1983, capital and 
exploration expenditures were $82 
million for geothermal energy and 
$106 million for shale oil . 

Union Geothermal Division 
Net geothermal energy production 
in the United States and the Philip
pines averaged 16 million kilowatt 
hours per day, up 17 percent from 
13.7 million kilowatt hours per day 
in 1982. At year end, geothermal 
energy reserves totaled 304 million 
equivalent oil barrels, compared 
with 312 million equivalent oil bar
rels at year-end 1982. 

At The Geysers project in North
ern California, Union began supply
ing geothermal steam to a 15th 
electrical generating plant in 
lanuary. This raised the total field 
capacity for Union's production 
facilities to 984,000 kilowatts, 
enough to meet the electricity 
needs of a city of one mill ion 
people. Union has a 50 percent in
terest in this venture. 

In the Imperial Valley, the operat
ing experience from our two pilot 
demonstration projects is providing 
the technology to harness the val
ley's vast geothermal resources. At 
the Brawley and Salton Sea projects, 
Union's steam production systems 
continue to operate at high 
efficiency levels. 

At Heber, also in the Imperial 
Valley, Union wil l supply geother
mal fluids to a 65,000 kilowatt 
binary generating plant and a 
52,000 kilowatt double flash gener
ating plant. The California Public 
Utilities Commission approved 
construction of these plants, which 
are expected to begin operations in 
1985. Union holds a one-third in
terest in the venture. 

Union's geothermal projects in 
the Philippines recorded steady 
progress in 1983, supplying steam 
to 10 generating plants with a ca
pacity of 550,000 kilowatts. At Tiwi, 
two power plants, which began op
erating at low levels in 1982, 
achieved ful l operating capacity 
during 1983. In addition, two new 
pipelines were completed, allowing 
for extension of the f ield into new 
productive areas. 

At Makiling-Banahao, work 
progressed on a 110,000 kilowatt 
generating plant scheduled for 
completion in 1984. This plant wil l 
increase the field's capacity to 
330,000 kilowatts and take Philip
pine capacity to 660,000 kilowatts. 

In Indonesia, Union drilled four 
successful exploration wells in the 
Gunung Salak area on the island of 
lava during the year, and additional 
drilling is under way. Union has 
a joint venture agreement with 
Pertamina, the Indonesian state oil 
company, to explore for and de
velop geothermal resources in the 
Gunung Salak area south of lakarta. 

In lapan, where Union is operator 
of a joint venture with two lapanese 
firms, the company conducted geo
logical and geophysical exploration 
work during the year. Exploration 
drilling wil l continue through 1984 
in order to evaluate the prospect. 

Geothermal Production 

16 Million Kilowatt Hours Per Day 
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Union Energy Mining Division 
The company completed construc
tion of the $640 million, 10,000 
barrel per day shale oil project in 
western Colorado essentially on 
schedule and began equipment 
testing and start-up activities. 

Union's project includes an 
underground room and pillar mine, 
a retort designed to process 12,500 
tons of shale ore per day and an up
grading facility to convert raw shale 
oil generated in the retort into high 
quality synthetic crude. 

While minor quantities of raw 
shale oil were produced late in 
1983, sustained production was not 
achieved. Our retort is a unique 
process facility, particularly so be
cause it handles large tonnages of 
rock at elevated temperatures and 
requires the separation of solids, 
liquids and gases in a continuous 
counterflow process system. It is en
couraging that the rock pump—the 
heart of the retort—works very well, 
essentially as designed. 

We continue to make short re
torting runs, gather data and make 
appropriate facility modifications to 
accomplish our goal. Much has 
been learned about the operation of 
a large-scale plant which could not 
be fully determined in advance. We 
are confident we will succeed as we 
have in so many pioneering and in
novative developments in the past. 

Almost all of the Phase I syncrude 
produced will be refined into prod
ucts for use by the U.S. Department 
of Defense. let fuel and military 
diesel refined by others from this 
syncrude will be used by U S . Air 
Force bases in Utah and Idaho. 

The retorting complex (left) at Union's 
Colorado shale oil project sits on a five-
acre bench, 1,000feet above the valley 
floor. The 108-foot-high upflow retort 
(right), the heart of Union's shale oil 
project, will process 12,500 tons of ore 
per day and extract 10,000 barrels per 
day of raw shale oil. The upgrading 
facility (top left) is designed to remove 
impurities from the raw shale oil, yield
ing a high quality synthetic crude oil. 
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Refining and 
Marketing Highlights 

• Modification of refineries to 
/ ^improve competitive position. 

- • Higher petroleum products sales. 
• Record volumes from Auto/ 
Truckstop system operations. 

Union 76 Division 
Improved refinery efficiencies, 
combined with lower crude oil 
costs and an attractive product mix, 
contributed to a strong sales perfor
mance by Union's refining and mar
keting business segment in 1983. 
This success came despite lower 
overall product demand in the in
dustry and intense price competi
tion throughout much of the year. 

The company's refineries oper
ated at 78 percent of capacity, up 
from 74 percent a year ago, while 
conversion units— Unicrackers, 
fluid catalytic crackers and cokers — 
ran at near capacity levels. 

With higher refinery runs, the 
company used more foreign crude. 
In 1983, foreign crude supplies ac
counted for 15 percent of our refin
ery input, compared with 12 
percent the year before. 

The company also completed, or 
moved ahead with several refinery 
projects to improve efficiencies 
or increase the company's capability 
to process more lower-priced 
crude oils. 

At Union's Los Angeles Refinery, 
modifications to the fluid catalytic 
cracker improved product yields 
and energy efficiency while reduc
ing emissions. 

After 35 years of service, the com
pany's first coker, built at the San 
Francisco Refinery in 1948, finally 
wore out. A complete rebuilding of 
this coker is under way. By adding 
two additional drums to the existing 
coker at the Chicago Refinery, it is 

A crane lifts a 147-ton, 80-foot-tall 
coker drum into place at the company's 
Chicago Refinery. With the addition of 
two of these drums to the existing coker, 
Union will increase the unit's capacity 

K^sjty 45 percent at a low capital cost. 

possible to expand the capacity by 
45 percent at a low capital cost. 
When completed, these two proj
ects wi l l enable the company to 
convert additional heavier feed
stocks into petroleum coke and 
higher-quality cracking stocks. 

In marketing, despite ample 
crude supplies and declining 
overall product demand, Union in
creased sales of petroleum products 
to 386,000 barrels per day, up six 
percent from 364,200 barrels per 
day in 1982. 

Union's Auto/Truckstop system, 
the nation's largest, achieved new 
records for gallonage in 1983. 
Motor fuel sales at Auto/Truckstops 
were 30 percent above the prior 
record level set in 1979. 

In the eastern U.S., three-fourths 
of the company's product sales are 
through jobbers, and these jobbers 
added nearly 500 Union-branded 
service stations in 1983. 

In the West, Union built on its 
successful programs offering 
unique gasoline grades, a combina
tion of ful l and self serve stations 
and the 76 P R O T E C H guaranteed 
automotive repair service. This 
strategy earned Union an increase 
in market share in California, the 
nation's largest gasoline market. 
Union is the only major West Coast 
supplier of leaded premium, which 
accounts for 30 percent of our retail 
gasoline sales in the West. 

In November, the company added 
the 76 P R O T E C H auto repair pro
gram to the greater Los Angeles 
area, making the program available 
to motorists along the entire West 
Coast. More than 400 Union deal
ers now participate. 

On a nationwide basis we added 
400,000 new credit card accounts 
during the year, bringing the total 
number to 4.4 million, a 10 percent 
increase over 1982. 

At year end, we sold, at a small 
profit, our 50 percent interest 
in Kyung In Energy Co., a South 
Korean refining and electricity gen
erating venture, to our partner, 
Korea Explosives Group. The sale 
involved a 60,000 barrel refinery 
and an oil-fired electrical generat
ing plant, both completed in 1972. 
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Union increased its share of the solvent 
products market by expanding the net
work of Union Chemicals Distribution 
Centers. Distribution centers, such as 
this one in Dallas, market less-than-
carload-lot quantities of solvent and 
chemical products to customers. 



Metals and Chemicals 
Highlights 

• A new molybdenum mine and 
.modernized mil l brought on 
stream. 
• Improved market share for 
solvent products. 
• Greater emphasis on foreign 
markets for fertilizer products. 

Union Chemicals Division 
Union's metals and chemicals busi
ness segments, while impacted by 
generally poor economic condi
tions through much of the year, 
began to show improvement as 
1983 closed. 

Molycorp, Inc. In September, 
Molycorp, a wholly owned subsidi
ary, began producing molybdenum 
from its new underground mine 
and modernized mil l at Questa, 
New Mexico. The mine wil l have 
the capacity to produce about 
18,000 tons per day by 1985. Each 
ton of ore yields about three 
pounds of molybdenum, used as a 
steel alloy and in petroleum refin
ing catalysts. 

' The $250 mill ion investment in 
the mine and mil l at Questa wil l 
enable Molycorp to produce molyb
denum at competitive costs and 
meet increases in demand as eco
nomic conditions improve. 

From its mine and mil l facilities 
at Mountain Pass, California, 
Molycorp is the world's largest pro
ducer of lanthanides, or rare earths. 
Sales increased about 20 percent 
from 1982 levels. 

Because of their unique proper
ties, lanthanide elements are used in 
a number of products ranging from 
metallurgical and catalyst applica
tions to optics, electronics and ex
tremely strong permanent magnets. 

The permanent magnets, which 
are based on a lanthanide called 
samarium, are used in a great variety 
of consumer electronics. In addi
tion, work is under way in develop
ing even stronger and lighter per
manent magnets based on another 
lanthanide, neodymium. 

Molycorp's large reserves at 
Mountain Pass assure sufficient lan
thanide supplies to meet market 
growth well into the next century. 

Chemicals Activities. The major 
emphasis for petrochemicals in 
1983 was the addition of new chem
ical distribution plants and the in
troduction of new products. 

In 1983, new Union Chemicals 
Distribution Centers opened in 
Cleveland, Cincinnati and Pensa-
cola. These new outlets, coupled 
with increased advertising, ex
panded the company's market share 
for solvent products. 

The company also introduced 
new vinyl acetate and styrene buta
diene emulsions for application in 
coatings, adhesives and textiles. 

Anew chemicals product quality 
improvement program started in 
1983. The program involves signifi
cant employee participation and 
new automation equipment. A 
batch process computer, designed 
to increase productivity, reduce 
energy costs and insure consistent 
quality, was installed at the,Char-
lotte, North Carolina, polymer 
plant. Similar systems are planned 
for our five other polymer plants. 

Rotating grinding mills pulverize 
water-slurried ore to a fine powder as 
part of the process to recover molybde
num at Molycorp's Questa project. 

? , 



Fertilizer Activities. Sales of 
nitrogen fertilizer products in the 
domestic market were adversely af
fected by the federal Payment in 
Kind Program, which reduced 
planted acreage, and by West Coast 
weather conditions. However, 
higher sales in overseas markets in 
the Pacific Basin partially offset the 
effect of lower domestic sales. 

The urea/ammonia plants at 
Kenai, Alaska, operated at capacity 
during the year. As the market re
covers, production at the Brea, Cali
fornia, plant wil l be increased to 
meet anticipated increased domestic 
fertilizer demand. 

Petroleum Coke Activities. 
Union experienced a resurgence in 
demand for coke as aluminum pro
ducers reopened plants and re
sumed operations late in the year. 
To broaden our coke product spec
trum, we are building a 130,000 ton 
per year needle coker at the Chi
cago Refinery. 

This unit, to come on line in 
1985, wil l open a new market for 
the company—premium quality low 
sulfur needle coke used in making 
electrodes for electric arc steel fur
naces. These furnaces melt scrap 
metal to produce lower cost steel, 
thereby enabling U.S. producers 
to have a better chance to compete 
effectively with foreign steel 
companies. 

At the Contra Costa, California, 
coke calcining plant, a $43 million 
electrical cogeneration plant suc
cessfully began operations in the 
fourth quarter. Heat from the 
coking kilns is used to power a 
27,000 kilowatt generating turbine, 
with electricity being sold to Pacific 
Gas and Electric Company for dis
tribution to its customers. This co-
generation project is a fine example 
of combining energy conservation 
with good economics. 

Research Highlights 

• Development of a computerized 
well log program. 
• Introduction of new chemicals 
and lubricants products. 
• Unicracking technology licensed 
to five plants. 

Union Science and Technology 
Division 
Union's research effort in 1983 
focused on providing new methods 
for finding and producing energy 
resources as well as developing 
better conversion processes and 
profitable new products. 

A new computer program for in
terpreting well logs was successfully 
field tested. The program, which lo
cates additional producing intervals 
that are not identified through con
ventional methods, resulted in a sig
nificant increase in oil production. 

Two new chemical techniques 
that minimize well plugging in 
fields undergoing thermal recovery 
were also successfully field tested. 

Environmental protection re
search included successful demon
stration of the company's Unisulf 
process for removing sulfur com
pounds from waste refinery gases 
and commercial application of a 
new method for treating acidic 
waste water. 

New agricultural products devel
oped by research included a growth 
enhancer which increases certain 
crop yields by up to 25 percent in 
experimental plots and a urea-
sulfuric acid fertilizer complex to 
decompose crop stubble. New oil 
products included a number of 
crankcase and industrial oils. 

Union continued to license pro
cess technology. Five hydrocracking 
plants, with a combined capacity of 
more than 80,000 barrels per day, 
were licensed to use Union's Uni 
cracking process. Three of these 
plants were conversions of plants 
that were originally built to use 
technology developed by other l i 
censors. Union also developed a 
new catalyst for removing metals 
from residual oi l . 



A technician at the Fred L. Hartley 
Research Center analyzes the surface of 
a catalyst using a photoelectron spec
trometer. Catalytic research in 1983 
yielded a new catalyst for removing 
metals from residual oil. 
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Real Estate Highlights 

• Sales up 60 percent. 
• A new condominium project 
launched. 

Union Real Estate Division 
With improved economic condi
tions and an easing of interest rates, 
Union's real estate operations 
posted improved sales and earnings 
in 1983. Total sales of residential, 
industrial and surplus properties in
creased by more than 60 percent 
over the previous year. 

The residential lot sales program 
at a 50-acre Lake Arrowhead shore
line development started success
fully, while lot sales continued 
at Aliso Hills in Orange County, 
Carbon Canyon near Brea, 
Connemara-By-The-Sea in San 
Juan Capistrano and Round Hil ls 
Estates North adjacent to Mt. 
Diablo in the Oakland area. 

The company also recorded in
creased industrial lot sales in Cali
fornia at its developments in Brea 
and Simi Valley. 

Union's subsidiary, Moreland 
Development, broke ground in 
December on the first phase of a 
planned 372-unit condominium 
project in Laguna Hil ls . Moreland 
also received subdivision map ap
proval for a 170-acre industrial de
velopment in Simi Valley. 

Corporate Affairs 

As a major corporation, our basic 
economic role is to provide a fair 
return on capital to our shareown
ers by manufacturing quality prod
ucts for our customers on a 
competitive and profitable basis. 

We are committed to growth by 
reinvesting earnings which in turn 
wil l create jobs and advancement 
opportunities for our employees. 
Union employed 20,304 men 
and women in 1983, up slightly 
from the previous year. Total pay
roll and benefit expenditures were 
more than $785 million. 

In addition, 1983 income and op
erating taxes totaled $919 mill ion, 
one and one-half times the compa
ny's net earnings. 

Union's financial contributions to 
local communities go beyond pay
rolls and taxes. Through the Union 
Oi l Company Foundation, the com
pany supports various educational, 
cultural and civic endeavors. The 
company also supports the United 
Way and similar appeals through 
payroll deduction of employee 
pledges and matching these dona
tions with corporate funds on a 
nationwide one-to-one basis. 

• In 1983, Mr. Charles F. Parker, 
having reached the mandatory re
tirement age, did not stand for re
election to the board of directors. 
Mr. Parker retired after nearly 51 
years of valued leadership and 
service. 
• Mr. George B. Snyder, vice presi
dent of Engineering and Construc
tion, retired after 45 years of 
outstanding and loyal service. 
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Management's Discussion and 
Analysis of Financial Condition 
and Results of Operations 

Unocal's net earnings for 1983 were 
$625.9 million, a decrease of $178.1 
million, or 22.2 percent, from 1982 
net earnings of $804.0 million. Net 
earnings for 1981 were $791.4 
million. Return on average share-
owners' equity was 12.6 percent in 
1983, compared with 18.2 percent in 
1982 and 20.8 percent in 1981. 

The principal negative factors 
causing the 1983 earnings decrease 
were lower domestic natural gas 
production and average sales price 
due to reduced market demand; 
decreased refining and marketing 
earnings due to lower margins from 
lower selling prices; decreased 
investment and energy tax credits 
from lower expenditures on 
construction of shale oil facilities; 
and lower chemicals earnings due to 
depressed market conditions. 

Positive factors which partially 
offset the above included higher for
eign oil and gas production earnings, 
mainly in Canada and the Nether
lands; increased domestic crude and 
condensate production; and lower 
costs of dry holes and exploration. 

In the fourth quarter of 1983 the 
company completed negotiations for 
the disposal of its 50 percent inter
est in the Korean affiliate, Kyung In 
Energy Company. With this agree
ment the company recorded its share 
of Kyung In's 1983 earnings from 
refining and marketing operations 
and a modest gain on the sale of its 
ownership interest. 

Total revenues in 1983 were $10.7 
billion, down $209 million from 
1982. This decrease was largely due 
to lower refined product sales prices 
and lower domestic natural gas sales 
volumes and average price caused by 
depressed market conditions. 

Total costs and other deductions 
increased by $130 million in 1983 
compared with 1982. Cost of prod
ucts sold and operating expense 
increased by $128 million due to 
general increases in operating 
expenses. Depreciation and amorti
zation expense increased by $73 mil
lion as a result of higher capital 
expenditure levels in recent years. 
Selling, administrative and general 
expense declined by $41 million 
mainly as a result of lower service 
charge fees paid to Union Oi l Credit 
Corporation, a wholly owned non-
consolidated finance subsidiary, due 
to its lower financing activities. 

Higher 1982 net earnings versus 
1981 were due principally to 
improved domestic refining and 
marketing earnings; increased earn
ings from Kyung In Energy Com
pany; higher investment and energy 
tax credits generated by the shale oil 
project; and improved foreign and 
domestic oil and gas production 
earnings. Partially offsetting these 
increases were lower gains on sales 
of assets; lower chemicals earnings; 
higher exploration and dry hole 
costs; and higher interest expense. 

Funds provided from operations 
totaled $1,799 million in 1983, 
$1,987 million in 1982 and $1,812 
million in 1981. Capital and explora
tion expenditures were $1,751 
million in 1983, $2,076 million in 
1982 and $1,961 million in 1981. 
The principal reasons for the 
decrease in 1983 were lower con
struction expenditures on the com
pleted shale oil project and lower 
expenditures for domestic oil and 
gas exploration and development. It 
is anticipated that capital and explo
ration expendimres will approximate 
$2.1 billion in 1984 with the major 
portion directed to projects in the 
United States. It is anticipated that 
domestic expenditures will focus on 
oil and gas exploration and develop
ment, refinery improvement projects, 
and continuation of construction of a 
needle coker at the company's Chi
cago Refinery. Foreign expenditures 
will continue to be directed to oil 
and gas exploration and develop
ment in various countries and the 
development of Canadian coal 
resources. 
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In 1983, the company effected new 
long-term borrowings totaling $152 
million. This includes a $125 million 
floating rate issue due 1986 to 1989 
and $26 million in several industrial 
development and pollution control 
revenue bond issues at various rates 
and terms. At year-end 1983, the 
ratio of long-term debt, including 
capital lease obligations, to total capi
talization was 20.1 percent, a 
decrease in comparison with 21.1 
percent and 20.5 percent at the end 
of 1982 and 1981, respectively. 

At the end of 1983, consolidated 
working capital increased by $161 
million to $457 million, compared 
with $296 million at the end of 1982. 
Cash and marketable securities 
increased $58 million and accounts 
and notes receivable were up $195 
million which are the main reasons 
for the 1983 increase. 

Financing activities by Union Oi l 
Credit Corporation decreased signifi
cantly in 1983. At December 31, 
1983, short-term notes payable stood 
at $149 million, down $258 million 
from the previous year's level. On 
December 31,1982 and 1981, short-
term notes payable were $407 mil
lion and $472 million, respectively. 

With the decline in inflation in 
1983 the company's operating and 
capital costs were not impacted as 
greatly as they were in prior years. 
Additionally, cost savings and pro
ductivity improvements were effected 
to minimize the increase. Selling 
prices, however, could not be 
increased in line with inflation due 
to market conditions, thus margins 
were reduced. Inflation adjusted data 
are shown on pages 38 and 39. 

Accountants' Report 

Coopers & Lybrand 
Certified Public Accountants 

1000 West Sixth Street, Los Angeles, CA 90017 

To the Shareowners of Unocal Corporation: 

We have examined the consolidated balance sheet of Unocal Corporation and 
its consolidated subsidiary, Union Oil Company of California, as of December 
31, 1983 and 1982, and the related statements of consolidated earnings, consoli
dated shareowners' equity and changes in consolidated financial position for 
each of the three years in the period ended December 31, 1983. Our examina
tions were made in accordance with generally accepted auditing standards and, 
accordingly, included such tests of the accounting records and such other audit
ing procedures as we considered necessary in the circumstances. 

In our opinion, the financial statements referred to above, which appear on 
pages 24 through 39 of this annual report, present fairly the consolidated finan
cial position of Unocal Corporation and its consolidated subsidiary as of 
December 31, 1983 and 1982, and the results of their consolidated operations 
and changes in consolidated financial position for each of the three years in the 
period ended December 31,1983, in conformity with generally accepted 
accounting principles applied on a consistent basis. 

February 14,1984 



Consolidated Earnings 
(dollars in millions except per share amounts) 

UNOCAL CORPORATION 

1983 1982 1981 

Revenues Sales and operating revenues 
(including consumer excise taxes of 
$480.5 in 1983, $342.8 in 1982 and 
$358.0 in 1981) $10,546.1 $10,733.2 $11,103.9 

Interest, dividends and 
miscellaneous income 72.6 105.2 119.3 

Equity in earnings of affiliated companies 40.3 17.7 18.5 
Gains on sales of assets 31.5 43.0 54.5 

Total revenues 10,690.5 10,899.1 11,296.2 

Costs and Cost of products sold and 
Other operating expense 6,932.6 6,804.7 7,224.2 

Deductions Selling, administrative and 
general expense 440.1 481.5 482.4 

Depreciation and amortization 796.7 723.8 585.0 
Dry hole costs 252.2 273.3 263.0 
Exploration operations expense 158.1 158.4 150.8 
Interest expense 123.1 130.3 109.8 
Excise, property and other operating taxes 919.2 920.3 1,058.2 
Earnings applicable to minority interests .1 .3 .6 

Total costs and other deductions 9,622.1 9,492.6 9,874.0 

Earnings before taxes on income 1,068.4 1,406.5 1,422.2 
Federal and other taxes on income 442.5 602.5 630.8 

Earnings Net earnings $ 625.9 $ 804.0 $ 791.4 

Net earnings per share $3.60 $4.63 $4.56 

See Notes to Consolidated Financial Statements. 
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Consolidated Balance Sheet 
UNOCAL CORPORATION 

December 31 
1983 1982 
Millions of Dollars 

Assets Current assets 
Cash $ 134.0 $ 179.1 
Marketable securities 203.2 100.4 
Accounts and notes receivable 925.0 730.5 
Inventories 611.1 608.6 
Prepaid expenses 23.1 26.3 

Total current assets 1,896.4 1,644.9 

Investments and long-term receivables 
Affiliated companies 73.4 99.0 
Nonconsolidated subsidiary 81.1 105.2 
Other 61.7 54.7 

Properties—net 7,068.4 6,562.0 
Deferred charges 47.0 45.5 

Total assets $9,228.0 $8,511.3 

Liabilities Current liabilities 
Accounts payable $1,033.7 $ 978.5 
Taxes payable 213.7 195.6 
Current portion of long-term debt and 

capital leases 103.1 88.8 
Other liabilities 89.1 85.7 

Total current liabilities 1,439.6 1,348.6 

Long-term debt 1,140.3 1,095.5 
Capital lease obligations 160.0 171.6 
Deferred income taxes 1,047.5 916.5 
Advances, etc. related to future production 32.1 30.9 
Other deferred credits 227.1 201.8 
Minority interests 1.3 1.3 

Total liabilities 4,047.9 3,766.2 

Shareowners' Common Shares 173.7 361.8 
Equity Capital in excess of par value of shares issued 352.2 162.8 Equity 

Foreign currency translation adjusunent (8.2) — 

Retained earnings 4,662.4 4,220.5 

Total shareowners' equity 5,180.1 4,745.1 

Total liabilities and shareowners' equity $9,228.0 $8,511.3 

See Notes to Consolidated Financial Statements. 



Changes in Consolidated 
Financial Position 

UNOCAL CORPORATION 

1983 1982 1981 
Mill ions of Dollars 

Funds Provided Net earnings $ 625.9 $ 804.0 $ 791.4 
From Operations Non-cash items in earnings 

Depreciation and amortization 796.7 723.8 585.0 
Dry hole costs 252.2 273.3 263.0 
Deferred taxes 123.1 177.8 141.2 
Other 1.3 8.2 31.1 

Funds provided from 
operations 1,799.2 1,987.1 1,811.7 

Sources/(Uses) Book value of assets sold 25.0 30.1 35.8 
of Other Funds Investments and long-term receivables 60.5 15.2 (16.0) 

Excluding Financing Working capital changes 
(194.5) Accounts and notes receivable (194.5) 37.2 283.3 

Inventories (2.5) (46.1) (106.1) 
Prepaid expenses 3.2 1.9 (8.2) 
Current liabilities 76.7 (7.1) (23.7) 

Other 9.2 7.9 18.0 

Funds available before 
financing 1,776.8 2,026.2 1,994.8 

Financing Activities Long-term borrowings 
Reduction of long-term debt 
Reduction of capital lease obligations 

152.4 
(90.3) 
(14.6) 

407.6 
(289.4) 

(14.9) 

122.6 
(25.6) 
(23.2) 

Total funds provided 1,824.3 2,129.5 2,068.6 

Utilization 
of Funds 

Capital expenditures 
(including dry hole costs) 

Purchase of minority interest-
Union Oil Company of 
Canada Limited 

Cash dividends declared 

(1,592.9) 

(173.7) 

(1,917.3) 

(173.7) 

(1,810.6) 

(110.9) 
(156.3) 

Increase/(Decrease) in cash 
and marketable securities $ 57.7 $ 38.5 $ (9.2) 

See Notes to Consolidated Financial Statements. 
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I^Bi^^^^^^^^H^HIiHHBIII^^^H UNOCAL CORPORATION 

Consolidated Shareowners' 
Equity 

1983 1982 1981 
Millions of Dollars 

Common Shares Balance at beginning of year 
Sale of Common Shares, etc. 
Change in par value of Common Shares 

$ 361.8 
.1 

(188.2) 

$ 361.7 
.1 

$ 361.5 
.2 

Balance at end of year 173.7 361.8 361.7 

Capital in Excess 
of Par Value 

of Shares Issued 

Balance at beginning of year 
Sale of Common Shares, etc. 
Change in par value of Common Shares 

162.8 
1.2 

188.2 

162.3 
.5 

160.2 
2.1 

Balance at end of year 352.2 162.8 162.3 

Foreign Currency 
Translation 

Balance at beginning of year 
Current year adjustment 

(4.9) 
(3.3) 

— — 

Adjustment Balance at end of year (8.2) — — 

Retained Earnings Balance at beginning of year 
Translation adjustment for foreign 

deferred taxes 

4,220.5 

(10.3) 

3,590.2 2,955.1 

Adjusted balance at beginning of year 
Net earnings for year 

4,210.2 
625.9 

3,590.2 
804.0 

2,955.1 
791.4 

Total 
Cash dividends declared 

4,836.1 
(173.7) 

4,394.2 
(173.7) 

3,746.5 
(156.3) 

Balance at end of year 4,662.4 4,220.5 3,590.2 

Shareowners' Equity Total shareowners' equity $5,180.1 $4,745.1 $4,114.2 

On April 25,1983, the shareowners approved a plan of reorganization whereby 
Union Oil Company of California became an operating subsidiary of a newly 
created company, Unocal Corporation. With the reorganization, 173.7 million 
shares of Common Stock, $2yi2 par value, of Union Oil Company of California 
were converted into an equal number of shares of Common Stock, $1 par value, 
of Unocal Corporation. The difference of $188.2 million from the change in 
par value was credited to Capital in Excess of Par Value of Shares Issued. 

See Notes to Consolidated Financial Statements. 



Notes to Consolidated 
Financial Statements 

Summary of Principles of Consolidation 
Accounting Policies For the purposes of this report, Unocal Corporation and its consolidated sub

sidiary, Union Oi l Company of California, will be referred to as company. 
The consolidated financial statements of Unocal Corporation include the 

accounts of Union Oi l Company of California and its subsidiaries except 
Union Oil Credit Corporation, a wholly owned subsidiary engaged in financ
ing certain accounts receivable, which is accounted for on the equity basis. 

Investments in affiliates owned 50% or less are accounted for by the equity 
method. Investments in such companies are stated at cost plus the company5s 
equity in undistributed earnings after acquisition. Income taxes estimated 
to be payable when undistributed earnings are distributed are included in 
deferred taxes. 

Inventories 
Inventories of crude oil and refined products are valued at cost under the last-
in, first-out method. Other inventories are valued at cost using various methods. 

Capitalized Leased Properties 
Facilities and lands leased by the company under firm, long-term obligations 
are capitalized as assets and depreciated in the same manner as owned proper
ties. Fumre minimum rental payments are discounted to a present value using 
the company's incremental borrowing rate in effect at the time of leasing and 
such value is recorded as a liability. Earnings are charged for depreciation of 
the properties and the imputed interest on the rental obligations in lieu of 
actual rental payments. 

Oil and Gas Exploration and Development Costs 
The company follows the successful efforts method of accounting for its oil 
and gas activities. 

Acquisition costs of exploratory acreage are capitalized. Full amortization of 
the nonproductive portion of such costs is provided over the shorter of the 
exploratory period or the lease holding period. Costs of successful leases are 
transferred to proved properties. 

Exploratory drilling costs are initially capitalized. When drilling is com
pleted, dry hole costs are expensed. 

Geological and geophysical costs and leasehold rentals are expensed 
as incurred. 

Development costs of proved properties are capitalized. 

Depreciation and Amortization 
Depreciation and amortization related to proved oil and gas properties and 
estimated future abandonment and removal costs for offshore production plat
forms are calculated at unit of production rates based upon estimated proved 
recoverable reserves. 

Mine development costs are capitalized and amortized on unit of produc
tion rates based on estimated proved recoverable reserves. 

Depreciation of other properties is generally on a straight-line basis using 
various rates based on useful lives. 
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Business 
Segments 

Foreign Currency 
Translation 

Maintenance and Repairs 
Expendimres for maintenance and repairs are charged currendy to earnings. In 
general, betterments are charged to the respective property accounts and such 
accounts are relieved of the cost of any property replaced. 

Retirements and Disposals of Properties 
Losses on retirement of facilities for which individual allowances are accumu
lated are charged to current depreciation expense and on retirements of other 
properties to accumulated allowances. Losses or gains on sales of properties 
are included in current earnings. 

Investment and Energy Tax Credits 
The allowable investment and energy tax credits are applied as a current reduc
tion of income tax expense. 

The company is engaged principally in petroleum, chemical, geothermal and 
metal operations. Petroleum involves the exploration, production, transporta
tion and sale of crude oil and natural gas; and the manufacture, transportation 
and marketing of petroleum products. Chemicals involves the manufacmre, pur
chase, transportation and marketing of chemicals for industrial and agricultural 
uses. Geothermal involves the exploration, production and sale of geothermal 
resources. Metals primarily involves the exploration, production and marketing 
of molybdenum, columbium and lanthanides (rare earths). Other operations 
include the development of oil shale; development of coal; and real estate 
development and sales. 

Financial data by geographic areas of operations and business segments are 
shown in Selected Financial Data on pages 40 and 41. 

Effective January 1,1983, the company adopted the Financial Accounting Stan
dards Board's new statement on foreign currency translation. As permitted by 
the statement and due to immateriality, the financial statements for 1982 and 
1981 have not been restated. 

Marketable 
Securities 

Marketable securities are carried at cost which approximates market. 

Allowances Accounts and notes receivable are stated net of allowances for losses of $25.5 
for Losses million and $35.2 million at December 31, 1983 and 1982, respectively. Invest

ments and long-term receivables are stated net of allowances for losses of $.6 
million and $19.8 million at December 31, 1983 and 1982, respectively. 

Inventories December 31 
1983 1982 
Mill ions of Dollars 

Crude oil and condensate $111.6 $101.0 
Refined products 265.6 270.1 
Chemicals 71.5 71.4 
Metals 33.5 44.6 
Real estate development 81.3 75.6 
Supplies, merchandise, etc. 47.6 45.9 

Total $611.1 $608.6 

Current cost of inventories exceeded the LIFO inventory value included above 
by $642.5 million and $740.1 million at December 31, 1983 and 1982, 
respectively 
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Investments in owned and capitalized leased properties at December 31, 1983 
and 1982, are set forth below. Noncancellable agreements related to leased 
properties are for varying periods extending to the year 2053. A substantial por
tion of such properties includes land rights, purchase options or favorable 
renewal options. 

1983 1982 
Gross Net Gross Net 

Mil l ions of Dollars 

Owned properties (at cost) 

Petroleum operations: 
Exploration 

United States $ 966.6 $ 486.0 $ 914.8 $ 509.1 
Foreign 149.7 77.4 191.7 124.2 

Production 
United States 4,581.6 2,156.9 4,276.5 2,071.7 
Foreign 1,827.1 907.1 1,459.1 733.5 

Refining, marketing 
and transportation 2,331.8 1,258.1 2,160.1 1,158.2 

Total 9,856.8 4,885.5 9,002.2 4,596.7 
Chemical operations 764.3 480.6 670.9 466.3 
Metal operations 469.0 289.2 428.8 258.2 
Geothermal operations 403.5 239.4 346.0 227.9 
Other and Unallocated 1,126.6 1,029.0 928.2 843.3 

Total owned properties 12,620.2 6,923.7 11,376.1 6,392.4 

Capitalized leased properties 

Refining, marketing and 
transportation 248.0 120.3 255.7 134.8 

Chemical operations .8 .2 56.3 145 
Other and Unallocated 38.5 24.2 35.2 20.3 

Total leased properties 287.3 144.7 347.2 169.6 

Total $12,907.5 $7,068.4 $11,723.3 $6,562.0 

Properties and 
Capitalized Leases 
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Contingent Civil antitrust actions brought by the attorneys general of five states and the City 
Liabilities of Long Beach, California, are pending against the company and other major oil 

companies. The company is also a defendant in six antitrust cases involving its 
fertilizer operations in five states in the Pacific Northwest. In addition, there are 
two private antitrust actions pending against the company and other companies 
in the oil industry. These actions collectively seek treble damages, injunctive 
relief and divestiture of certain segments of the defendants' businesses. The 
company has denied the allegations of unlawful practices in these actions and 
believes the actions can be successfully defended. In view of the broad and 
largely undefined relief sought, however, an adverse decision could have a sig
nificant effect upon the scope and nature of the company's operations. 

The company also has certain other contingent liabilities with respect to liti
gation, claims and contxacmal agreements arising in the ordinary course of busi
ness. In the opinion of management, such contingent liabilities will not result in 
any loss which would materially affect the company's financial position. 

Long-Term Debt and Annual maturities of long-term debt during the next five years are (in millions 
Credit Agreements of dollars): 1984—$89.7 (included in current liabilities), 1985—$222.3, 1986 — 

$107.5,1987-$101.7 and 1988-$117.8. 

December 31 
1983 1982 
Mill ions of Dollars 

Bonds and debentures 
8Ys% Debentures due 1987 to 2006 $ 200.0 $ 200.0 
5.5% to 1054% Industrial Development Revenue 

Bonds due 1987 to 2008 194.8 168.7 
83/s% Debentures due 1985 150.0 150.0 
65/s% Debentures due 1985 to 1998 102.6 103.6 
478% Debentures due 1985 to 1986 32.0 34.0 
7M% Debentures due 1985 to 1987 11.1 14.9 

Notes 
Floating rate notes due 1985 to 1991 180.0 220.0 
Floating rate notes due 1986 to 1989 125.0 — 

8.3% Notes due 1985 to 1997 54.6 63.3 
3M% Notes due 1985 to 1990 30.0 35.0 
Floating rate notes due 1985 to 1986 29.2 60.0 
A%% to 12% Notes due 1985 to 2000 17.6 25.6 
8M% to 9%% Notes due 1985 to 1986 10.2 17.0 

Other miscellaneous debt 3.2 3.4 

Total $1,140.3 $1,095.5 

Arrangements with various banks make available to the company and its sub
sidiaries lines of credit totaling $250 million that extend through june 1984 at 
commitment fees of V* of 1% on the unused funds. 
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Lease Rental Minimum rental payments for capitalized leased properties, as well as the pres-
Obligations ent value thereof computed by discounting future payments using the com

pany's incremental borrowing rate in effect at the time of leasing and minimum 
rental obligations for operating leases are as follows: 

Capital Operating 
Leases Leases 

Mil l ions of Dollars 

1984 $ 26.9 $ 64.2 
1985 25.9 56.0 
1986 25.1 50.1 
1987 51.2 45.4 
1988 33.8 17.4 
Balance 882 45.2 

Total minimum rental obligations $251.1 $278.3 

After deduction of imputed interest of $77.7 million, the present value of cap
ital lease obligations at December 31, 1983, totaled $173.4 million. The current 
portion of these obligations amounted to $13.4 million. 

Total operating rental expense included in current earnings is as follows: 

1 9 8 3 1 9 8 2 1 9 8 1 
Mill ions of Dollars 

Fixed amount rentals $ 74.3 $ 68.0 $60.3 
Contingent rentals (based on sales, usage, etc.) 42.6 35.0 32.5 

Total $116.9 $103.0 $92.8 

Sublease rental income related to capital and operating leases amounted to 
$40.7 million in 1983, $37.8 million in 1982 and $35.1 million in 1981. 

Common Shares Authorized—260,000,000 Shares 
1983 1982 1981 

Thousands of Shares 

Outstanding at beginning of year 173,643 173,614 173,505 
Sale of Common Shares, etc. 43 29 109 

Outstanding at end of year 173,686 173,643 173,614 

Par value per authorized share $1.00 $2Vi2 $2 /n 

At December 31, 1983, 1,143,308 shares were reserved for issuance as follows: 
16,167 shares for conversion rights of the 414% Convertible Debentures; 
703,184 shares for fumre grants under options; and 423,957 shares for the 
exercise of options presently held by officers and employees, of which 290,743 
shares were exercisable at year end. Options outstanding at December 31, 1983, 
which were granted at market value at the date of the grant, have an average pur
chase price of $27.21 per share and expiration dates ranging from October 28, 
1984, to November 28,1993. During 1983 options on 1,874 shares with an aver
age purchase price of $7.70 per share were exercised, 7,928 shares were issued 
upon the exercise of stock appreciation rights, options on 22,468 shares were 
cancelled and options to purchase 239,786 shares were granted at an average 
purchase price of $29.49 per share. 
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Nonconsolidated The financial position and results of operations of Union Oil Credit Corpora-
Subsidiary tion, a wholly owned nonconsolidated finance subsidiary of the company, which 

is accounted for on the equity basis, were as follows: 

Financial Position December 31 
1 9 8 3 1 9 8 2 
Mill ions of Dollars 

Accounts receivable, etc. 
Long-term receivables 

$218.7 
11.7 

$498.7 
13.6 

Total assets $230.4 $512.3 

Short-term notes payable 
Long-term debt due Union Oil Company 
Shareowner's equity 

$149.3 
10.0 
71.1 

$407.1 
10.0 
95.2 

Total liabilities and shareowner's equity $230.4 $512.3 

Statement of Earnings 1983 1982 1981 Statement of Earnings 
Millions of Dollars 

Service charge income 
Interest income 

$36.0 
1.2 

$84.6 
1.4 

$96.1 
1.6 

Total income 
Administrative and general expense 
Interest expense 

37.2 
.2 

24.8 

86.0 
.3 

57.3 

97.7 
.2 

65.2 

Earnings before taxes on income 
Provision for taxes on income 

12.2 
6.2 

28.4 
14.5 

32.3 
16.5 

Net earnings $ 6.0 $13.9 $15.8 

Union Oil Credit Corporation had average short-term notes payable out
standing of $265.3 million in 1983, $435.4 million in 1982 and $399.0 million 
in 1981. The average interest rates for these notes were 8.8%, 12.1% and 16.2% 
in 1983,1982 and 1981, respectively. 

Service charge income paid by the company to Union Oil Credit Corporation 
is reported as selling, administrative and general expense. Equity in earnings of 
Union Oil Credit Corporation is included in miscellaneous income. 

Affiliated Dividends received from affiliates totaled $21.6 million in 1983, $23.1 million 
Companies in 1982 and $18.2 million in 1981. 

Excise, Property and 1983 1982 1981 
Other Operating 

Taxes 

Millions of Dollars 

Consumer excise taxes $480.5 $342.8 $ 358.0 
Windfall profit tax 246.8 378.7 522.8 
Severance and other taxes on production 66.9 79.7 86.7 
Real and personal property taxes 74.6 65.0 58.5 
Other taxes and duties 50.4 54.1 322 

Total $919.2 $920.3 $1,058.2 

In addition, social security and unemployment insurance taxes, which are 
charged principally to earnings and included with salaries and wages, totaled 
$38.0 million in 1983, $33.8 million in 1982 and $30.6 million in 1981. 



Federal and Other 
Taxes on Income 

1983 1982 1981 
Mill ions of Dollars 

Federal 
Current $253.1 $370.3 $408.8 
Investment and energy tax credits (86.0) (115.7) (95.7) 
Deferred 112.1 140.0 113.9 

Total 279.2 394.6 427.0 
State 

Current 47.3 60.8 61.3 
Deferred 11.0 16.0 13.5 

Total 58.3 76.8 74.8 
Foreign 

Current 105.0 109.3 115.2 
Deferred — 21.8 13.8 

Total 105.0 131.1 129.0 

Total $442.5 $602.5 $630.8 

Deferred taxes on income resulted from the following timing differences 
between financial and taxable income: 
Accelerated depreciation for tax in excess of 

book provision $ 93.0 $ 35.6 $ 23.4 
Deductions for tax in excess of book 

provisions related to exploration and 
development costs 32.0 129.4 121.5 

Other items (1.9) 12.8 (3.7) 

Total $123.1 $177.8 $141.2 

Reconciliation of the provision for taxes on income to the current Federal 
statutory rate is as follows: 
Taxes on book earnings computed at 

statutory rate $491.5 $647.0 $654.2 
Foreign taxes in excess of the statutory rate 6.9 42.5 50.6 
State taxes, net of U.S. tax effect 31.5 41.5 40.4 
U.S. investment and energy tax credits (86.0) (115.7) (95.7) 
A l l other items (1.4) (12.8) (18.7) 

Total $442.5 $602.5 $630.8 

United States earnings before income taxes (net of corporate and unallocated 
expenses) were $855.2 million, $1,213.8 million and $1,251.8 million for 1983, 
1982 and 1981, respectively. Foreign earnings before taxes were $213.2 million, 
$192.7 million and $170.4 million for 1983,1982 and 1981, respectively. 

No provision for U.S. taxes has been made related to the company's share of 
the undistributed earnings of foreign subsidiaries and affiliates which have been 
retained for reinvestment or when distributed are not expected to result in 
additional U.S. tax. Such undistributed earnings amounted to $231.9 million, 
$185.1 million and $150.0 million as of December 31, 1983, 1982 and 1981, 
respectively. 

Earnings Per Share Earnings per share are based on weighted average shares outstanding during 
each period. 

Research and 
Development Costs 

Charges to income for research and development were $56.0 million in 1983, 
$48.3 million in 1982 and $37.0 million in 1981. 
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Retirement Plans The company and its subsidiaries have several non-contributory retirement 
plans covering substantially all employees. Essentially all of these plans are 
funded with insurance companies and a corporate trustee. Total costs for these 
plans were $54.1 million for 1983, $56.8 million for 1982 and $54.9 million 
for 1981. 

Net assets of the retirement plans and the actuarial present value (based on a 
7% discount factor) of accumulated plan benefits are: 

December 31 
1983 1982 
Mill ions of Dollars 

Net assets available for benefits $809.4 $714.2 
Vested benefits $629.3 $593.2 
Non-vested benefits $ 31.0 $ 31.1 

Oil and Gas 1983 1982** 1981** 
Financial Data United United United 

States Foreign States Foreign States Foreign 
Millions of Dollars 

except per unit amounts 

Results of Operations 
Sales 

To public $ 690.3 $368.0 $ 948.6 $244.3 $ 952.4 $129.4 
Intercompany 1,418.1 331.1 1,547.1 347.7 1,633.1 340.1 

Other revenues 33.2 28.9 13.5 59.0 12.1 26.4 

Total 2,141.6 728.0 2,509.2 651.0 2,597.6 495.9 

Production costs 661.4 168.8 790.9 153.8 915.6 105.1 
Exploration expenses 183.3 192.1 236.5 163.4 234.2 151.5 
Depreciation and 

amortization 350.1 221.6 328.0 185.7 299.9 96.5 
Other operating 

expenses 32.4 17.3 32.1 22.4 27.6 21.3 

Net 914.4 128.2 1,121.7 125.7 1,120.3 121.5 
Income tax expense 435.5 84.9 529.8 113.8 522.7 122.2 

Results of operations 
for producing 
activities $ 478.9 $ 43.3 $ 591.9 $ 11.9 $ 597.6 $ (.7) 

Average sales price: 
(unaudited) 

O i l - p e r barrel $ 25.85 $26.06 $ 27.87 $27.75 $ 31.57 $27.19 
Gas -pe rMCF $ 2.15 $ 2.24 $ 2.33 $ 2.10 $ 2.00 $ 1.97 

Average production 
costs per barrel 
(unaudited)* $ 6.01 $ 5.18 $ 6.32 $ 5.57 $ 7.09 $ 5.24 

Costs Incurred 
Land acquisition 
Exploration 
Development 

* The above average production expense per barrel is based on equivalent petroleum barrels including 
natural gas converted on a ratio of 5.3 MCF to one barrel of oil. Production expense includes lifting 
costs and windfall profit tax. It excludes exploration expense, dry hole costs, depreciation and amortiza
tion, administrative and general expense, and estimated income taxes. 

**Data have been restated where necessary to conform to new disclosure requirements applicable to 1983 
data. 

$ 127.0 $ 3.5 $ 173.6 $ 2.0 $ 192.2 $ 1.5 
$ 197.7 $198.3 $ 267.9 $220.7 $ 280.5 $176.5 
$ 281.0 $354.6 $ 430.5 $315.9 $ 530.4 $176.7 
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Estimated Underground Reserves* 

Crude Oi l Natural Gas 
and Condensate Liquids*** 

(Millions Natural Gas (Millions 
of Barrels) (Billion Cubic Feet) of Barrels) 

United United United 
States Foreign States Foreign States Foreign 

Proved developed and 
undeveloped reserves 

1983 Activity 
Estimated at 1/1/83 523 205 5,170 1,223 138 6 
Revisions of estimates 10 6 (30) j 24** (1) 1 
Improved recovery 
Discoveries and 

11 — 5 — — — 

extensions 39 4 205 39 6 — 

Production (56) (27) (301) (60) (8) (1) 

Estimated at 12/31/83 527 188 5,049 1,316 135 6 

1982 Activity 
Estimated at 1/1/82 533 198 5,436 1,685 145 7 
Revisions of estimates 18 17 (73) (728)** (2) — 

Improved recovery 
Discoveries and 

3 — — — — — 

extensions 24 15 210 318 6 — 

Production (55) (25) (403) (52) (11) (1) 

Estimated at 12/31/82 523 205 5,170 1,223 138 6 

1981 Activity 
Estimated at 1/1/81 528 193 5,781 1,429 154 7 
Revisions of estimates 6 10 (80) 15 (2) 1 
Improved recovery 
Discoveries and 

18 1 1 4 — — 

extensions 36 18 167 263 4 — 

Production (55) (24) (433) (26) (11) (1) 

Estimated at 12/31/81 533 198 5,436 1,685 145 7 

Proved developed reserves 
Estimated at 12/31/83 421 150 3,575 513 95 5 
Estimated at 12/31/82 405 157 3,636 494 97 5 
Estimated at 12/31/81 410 131 3,737 780 100 6 
Estimated at 12/31/80 388 134 3,880 299 104 5 

'Includes net profits type agreements on a gross basis. 
'"Includes reserve revisions for Thailand of 115 and (728) billion cubic feet of natural gas for 1983 and 

1982, respectively. 
'"Natural gas liquids reserves are on a leasehold basis. The United States information is derived from the 

natural gas reserves by applying a national average shrinkage factor obtained from the Department of 
Energy published statistics. 

Oil and Gas 
Reserve Data 
(Unaudited) 
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Oil and Gas 
Reserve Data 
(Unaudited) 

continued 

Present Value of Future Net Cash Flow 
1983 1982 

United 
States Foreign Total 

United 
States Foreign Total 

Millions of Dollars 

Revenues $26,048 $7,130 $33,178 $25,963 $7,577 $33,540 
Development and 

production costs 8,984 3,331 12,315 7,682 3,098 10,780 
Income tax expense 7,905 1,800 9,705 8,535 2,030 10,565 

Net fumre cash flow 9,159 1,999 11,158 9,746 2,449 12,195 
10% annual discount 4,642 627 5,269 4,377 921 5,298 

Present value 
of fumre net 
cash flow $ 4,517 $1,372 $ 5,889 $ 5,369 $1,528 $ 6,897 

The above data are based on estimated production of proved developed and 
undeveloped reserves from present and planned fumre facilities, present prices 
of oil and gas and present costs of development and production. 

Changes in Present Value of Future Net Cash Flow 
1983 1982 1981 

Millions of Dollars 

Present value at beginning of year $6,897 $7,423 $5,274 
Discoveries and extensions, 

net of estimated fumre costs 619 1,195 1,172 
Revisions to prior estimates: 

Prices net of estimated 
changes in production costs (791) 897 2,875 

Quantity estimated 294 (491) 61 
Production schedules, etc. (2,062) (2,403) 484 

Interest factor 1,159 1,365 961 
Development costs related to 

beginning of year reserves 676 397 451 
Sales of oil and gas, net of production 

costs of $830 million in 1983, 
$945 million in 1982 and 
$1,021 million in 1981 (1,977) (2,143) (2,034) 

Net change in income taxes 1,074 657 (1,821) 

Present value at end of year $5,889 $6,897 $7,423 

The company cautions readers that the preceding data on the present value of 
fumre net cash flow of oil and gas reserves are based on many subjective judg
ments and assumptions. Different, but equally valid assumptions and judgments 
could lead to significantly different results. Additionally, estimates of physical 
quantities of oil and gas reserves, fumre rates of production and related prices 
and costs for such production are subject to extensive revisions and a high 
degree of variability as a result of economic and political changes. It is, there
fore, the opinion of the company that these data can be highly misleading and 
may not be indicative of underground oil and gas reserves values. 
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Metals Reserve 
Data (Unaudited) 

Supplementary 
Inflation 

Adjusted Data 
(Unaudited) 

Estimated Proved and Probable Ore Reserves 
at year end (million tons) 
Molybdenum 

Open pit operations 
Average disulfide content (percent) 

Underground operations 
Average disulfide content (percent) 

Lanthanides (rare earths) 
Average oxides content (percent) 

Average Sales Price (per pound) 
Molybdenum disulfide* 
Lanthanides (rare earths) in concentrate 

"Contains approximately 60% molybdenum by weight. Stated at equivalent market price. 

As required by the Financial Accounting Standards Board, the following supplementary financial 
information is presented to indicate the effects of general inflation and changes in specific prices 
on historical cost data. The Consumer Price Index—For A l l Urban Consumers has been used to 
estimate the effects of general inflation, while externally and internally developed indices, current 
prices, engineering estimates and appraisals have been used to estimate the effect of changes in 
specific prices. 

Adjusted For Adjusted For Changes 
General Inflation in Specific Prices 

Mil l ions of Dollars 

1983 1982 1981 1980 

123 119 119 119 
0.183 0.169 0.169 0.169 

124 124 124 124 
0.294 0.294 0.294 0.294 

42 43 44 44 
7.670 7.680 7.680 7.680 

$4.23 $5.30 $8.55 $9.02 
$ .94 $ .99 $ .93 $ .85 

1983 Net earnings—historical cost basis 626 626 
Adjustments to restate: 

Inventory withdrawals (20) (7) 
Depreciation and amortization (295) (346) 

1983 Net earnings—as adjusted 311 273 

Purchasing power gain on net monetary 
liabilities not included above 98 

At December 31, 1983, inventories and net properties, adjusted for changes in specific prices, 
were $1.3 billion and $11.1 billion, respectively. 

The adjustments to restate depreciation and amortization were calculated using historical cost 
lives and methods except for oil and gas producing properties. For those properties, the adjust
ment was calculated using the straight-line method and estimated average lives as compared to the 
unit of production method used for historical cost purposes. In accordance with the standards, 
income tax expense has not been restated. 

The Board's standards also require the company to estimate and disclose cost increases/ 
(decreases) due to changes in specific prices over/(under) general inflation for inventories and 
properties held during the year. This amount was determined as follows: 

Mill ions of Dollars 

Estimated increase/(decrease) in specific prices of inventories and properties 
held during the year (277) 

Less estimated effect of increase in general price level 465 

Estimated increase/(decrease) in specific prices over/(under) increase in 
general price level (742) 
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Additional data adjusted for the effects of inflation, stated in average 1983 dollars, and the 
Consumer Price Index—For A l l Urban Consumers used for the years 1979 through 1983 are 
as follows: 

1983 1982 1981 1980 1979 

Millions of Dollars 
except per share amounts 

Sales and operating revenues 
(including consumer excise taxes) 10,546 11,074 12,164 12,542 10,941 

Net earnings 
Adjusted for general inflation 311 509 556 467 319 
Adjusted for changes in specific prices 273 388 426 302 170 

Net earnings per share 
Adjusted for general inflation 1.79 2.93 3.20 2.69 1.84 
Adjusted for changes in specific prices 1.57 2.23 2.45 1.74 .98 

Shareowners' equity at year end 
Adjusted for general inflation 8,092 8,027 7,602 7,204 6,729 
Adjusted for changes in specific prices 9,710 10,303 9,455 8,864 8,442 

Increase/(decrease) in specific prices over/ 
(under) increase in the general price level 
for inventories and properties (742) 595 360 104 (104) 

Purchasing power gain on net monetary 
liabilities 98 93 185 213 223 

Dividends per common share 1.00 1.03 .99 .92 .90 
Market price per common share at year end 31.10 27.18 39.90 51.52 29.05 
Consumer Price Index—For A l l 

Urban Consumers 298.5 289.3 272.5 246.8 217.4 

Supplementary 
Financial and 
Market Price 

Data (Unaudited) 

Sales and operating revenues 
Gross margin 
Net earnings 
Net earnings per share 
Market price per share—high 

—low 
Dividends paid per share 

1983- •Quarters 

1st 2nd 3rd 4th 

Millions of Dollars 
except per share amounts 

2,446.9 2,781.3 2,707.3 2,610.6 
238.9 286.0 349.8 280.6 
128.3 139.4 180.2 178.0 

.74 .80 1.04 1.02 
34W 37% STY* 32% 

27 30V* 29% 27V* 
.25 .25 .25 .25 

Sales and operating revenues 
Gross margin 
Net earnings 
Net earnings per share 
Market price per share—high 

—low 
Dividends paid per share 

Shares are listed on the New York, Pacific and Midwest Stock 

1982- -Quarters 

1st 2nd 3rd 4th 

Millions of Dollars 
except per share amounts 

2,447.9 2,846.1 2,737.3 2,701.9 
311.6 383.8 428.3 392.4 
168.5 197.6 212.8 225.1 

.97 1.14 1.22 1.30 
37% nvi 32i4 34M 
27/8 305/8 2VA 24M 
.25 .25 .25 .25 



Selected Financial Data 
(dollars in millions except per share amounts) 

Earnings and 
Funds Data 

Share Data 

Balance Sheet 
Data 

Geographic 
Areas of 

Operations 

General Data 

1983 1982 1981 1980 1979 

Sales and operating revenues 10,546.1 10,7332 11,103.9 10,369.0 7,968.5 
Other revenues 144.4 165.9 192.3 103.5 121.5 

Total revenues 10,690.5 10,899.1 11,296.2 10,472.5 8,090.0 
Net earnings 625.9 804.0 791.4 647.0 500.6 

Per share 3.60 4.63 4.56 3.73 2.88 
Funds provided from operations 1,799.2 1,987.1 1,811.7 1,415.3 1,153.7 

Weighted average shares — 
thousands 173,677 173,636 173,589 173,452 173,786 

Cash dividends declared 173.7 173.7 156.3 132.3 112.6 
Per share 1.00 1.00 .90 .7625 .65 

Number of shareowners at 
year end 88,089 93,445 94,298 92,829 87,941 

Total assets 9,228.0 8,511.3 7,592.8 6,772.1 6,013.1 
Working capital 456.8 296.3 138.4 444.1 820.4 

Ratio of current assets to 
current liabilities 1.3:1 1.2:1 1.1:1 1.3:1 1.7:1 

Long-term debt 1,140.3 1,095.5 876.5 945.1 995.2 
Capital lease obligations 160.0 171.6 185.4 207.9 224.6 
Shareowners' equity 5,180.1 4,745.1 4,114.2 3,476.8 2,956.9 

Return on average 
shareowners' equity 

Return on average 
shareowners' equity 12.6% 18.2% 20.8% 20.1% 18.0% 

Revenues: 
United States 9,863.0 10,253.5 10,718.4 9,989.5 7,475.0 
Foreign 1,668.7 1,501.3 1,841.4 2,332.6 2,233.1 
Corporate and Unallocated 43.8 61.2 66.8 49.1 48.7 
Intersegment Eliminations* (885.0) (916.9) (1,330.4) (1,898.7) (1,666.8) 

Total 10,690.5 10,899.1 11,296.2 10,472.5 8,090.0 
Net earnings: 

United States 655.1 868.1 870.3 725.6 539.9 
Foreign 90.9 56.7 35.8 22.5 22.6 
Corporate and Unallocated (120.1) (120.8) (114.7) (101.1) (61.9) 

Total 625.9 804.0 791.4 647.0 500.6 
Assets—December 31: 

United States 7,206.1 6,819.3 6,096.4 5,516.4 4,901.6 
Foreign 1,468.9 1,216.0 1,012.6 870.1 710.5 
Corporate and Unallocated 553.0 476.0 483.8 385.6 401.0 

Total 9,228.0 8,511.3 7,592.8 6,772.1 6,013.1 

Salaries, wages and 
employee benefits 785.9 751.3 633.3 577.1 486.3 

Number of regular employees at year end 20,304 20,035 19,399 18,539 17,460 

All data are pro forma where applicable. 
"Intersegment revenue eliminations essentially represent transfers from foreign countries to the United States at prices 

which approximate market. 
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UNOCAL CORPORATION 

1983 1982 1981 1980 1979 

Segment Data Revenues: 
Petroleum—Exploration and Prod. 3,633.6 3,719.5 3,640.4 2,553.5 1,676.6 

—Refining, Mktg., Transp. 8,221.9 8,484.5 8,951.6 8,625.1 6,577.0 
Chemicals 1,132.6 1,152.5 1,248.4 1,087.2 890.1 
Geothermal 154.0 119.5 147.3 69.8 37.8 
Metals 66.7 69.4 110.5 126.0 133.6 
Other 47.7 66.0 42.6 38.7 22.9 
Corporate and Unallocated 43.8 61.2 66.8 49.1 48.7 
Intersegment Eliminations*** (2,609.8) (2,773.5) (2,911.4) (2,076.9) (1,296.7) 

Total 10,690.5 10,899.1 11,2962 10,472.5 8,090.0 

Net earnings: 
Petroleum-Exploration and Prod. 522.2 603.8 596.9 486.2 329.4 

-Refining, Mktg, Transp. 122.6 161.4 123.6 115.5 103.6 
Chemicals 74.0 89.5 110.9 104.0 80.4 
Geothermal 29.0 21.4 50.7 20.6 8.1 
Metals* (11.1) (7.2) 3.2 26.7 32.7 
Other 9.3 55.9 20.8 (4.9) 8.3 
Corporate and Unallocated (120.1) (120.8) (114.7) (101.1) (61.9) 

Total 625.9 804.0 791.4 647.0 500.6 

Assets—December 3X" 
Petroleum-Exploration and Prod. 3,963.9 3,643.6 3,085.4 2,668.1 2,040.9 

-Refining, Mktg., Transp. 2,376.4 2,314.4 2,325.7 2,373.1 2,491.3 
Chemicals 699.3 671.0 701.4 688.2 645.6 
Geothermal 271.4 253.6 236.7 199.2 160.4 
Metals** 401.1 376.4 333.3 239.7 131.7 
Other 962.9 776.3 426.5 218.2 142.2 
Corporate and Unallocated 553.0 476.0 483.8 385.6 401.0 Total 9,228.0 8,511.3 7,592.8 6,772.1 6,013.1 

Capital expendimres: 
Petroleum-Exploration and Prod. 1,024.6 1,272.1 1,223.7 1,106.3 680.9 

-Refining, Mktg., Transp. 198.5 82.6 139.1 180.4 131.2 
Chemicals 43.8 41.0 41.4 60.1 32.1 
Geothermal 66.3 65.7 67.3 55.5 54.1 
Metals 44.7 55.7 99.2 79.4 26.0 
Other, Corporate and Unallocated 215.0 400.2 239.9 103.1 61.9 

Total 1,592.9 1,917.3 1,810.6 1,584.8 986.2 

Depreciation and amortization: 
Petroleum-Exploration and Prod. 571.7 513.7 396.4 296.2 182.1 

-Refining, Mktg, Transp. 104.2 102.3 98.1 92.7 87.3 
Chemicals 40.9 39.3 37.9 34.0 30.9 
Geothermal 39.8 30.3 21.5 12.6 4.4 
Metals 13.6 14.2 15.0 11.3 9.7 
Other, Corporate and Unallocated 26.5 24.0 16.1 86 

Total 796.7 723.8 585.0 455.6 323.0 

"Includes equity in earnings of affiliates 4.6 8.4 104 6.6 4.1 
'"Includes equity in affiliates 55.1 57.1 59.4 62.0 28.8 
"Intersegment revenue eliminations are mainly transfers from exploration and production operations to refining, marketing and 

transportation operations at prices which approximate market. 



Operating Summary 

Energy 
Resources 

1983 1982 1981 1980 1979 

Drilling 
Net exploratory wells completed: 

Oil 
Gas 
Geothermal 

6 
9 
7 

11 
9 
5 

8 
14 
8 

10 
18 
4 

9 
18 
6 

Net development wells completed: 
Oil 
Gas 

144 
48 

165 
59 

249 
50 

195 
38 

111 
49 

165 
59 

249 
50 

23 23 Geothermal 9 13 15 23 23 

Net dry holes 53 67 66 69 77 

Total net wells 276 329 410 357 293 

Net producible wells at year end 10,346 10,411 10,478 10,116 9,784 

Net reserves at year end:* 
Crude oil and condensate— 

million barrels 
United States 
Foreign 

527 
188 

523 
205 

533 
198 

528 
193 

526 
283 

Total 715 728 731 721 809 

Natural gas —billion cubic feet 
Geothermal—billion kilowatt hours 
Geothermal — million equivalent 

oil barrels 

6,365 
202 

304 

6,393 
208 

312 

7,121 
210 

315 

7,210 
200 

301 

7,049 
169 

253 
Net daily production:* 

Crude oil and condensate— 
thousand barrels 

United States 
Foreign 

152.9 
73.1 

151.3 
68.7 

147.9 
67.9 

152.3 
77.1 

156.5 
84.8 

Total 226.0 220.0 215.8 229.4 241.3 

Available to U.S. refineries 
United States 
Foreign 

152.9 
39.1 

151.3 
28.6 

147.9 
25.0 

152.3 
24.1 

156.5 
28.6 

Total 192.0 179.9 172.9 176.4 185.1 

Natural gas—million cubic feet 
United States 
Foreign 

817.4 
165.1 

1,035.8 
143.1 

1,133.4 
72.9 

1,165.0 
60.5 

1,201.2 
64.3 

Total 982.5 1,178.9 1,206.3 1,225.5 1,265.5 

Natural gas liquids—thousand barrels 
Plant 
Leasehold** 

7.7 
9.8 

9.1 
11.0 

92 
11.1 

8.7 
12.4 

11.4 
9.8 

Total 17.5 20.1 20.3 21.1 21.2 

Geothermal—million kilowatt hours 
Geothermal—thousand equivalent oil 

barrels 

16.0 

24.0 

13.7 

20.5 

12.7 

19.0 

10.1 

15.2 

6.1 

9.1 

Average geothermal sales prices— 
dollars per thousand kilowatt hours 

"Includes net profits type agreements on a gross basis. 

**Net of plant retention. 

26.33 23.91 23.92 18.74 16.99 
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1983 1982 1981 1980 1979 

Refining and Refining—thousand barrels daily 
Marketing Input to crude oil processing units Marketing 

For Union—Crude oil 355.6 3422 348.6 366.7 4292 
—Other materials 20.5 14.0 15.1 14.2 17.5 

For others 4.2 7.7 8.7 10.6 10.7 

Total input 380.3 363.9 372.4 391.5 457.4 

Refinery production 
Gasoline 223.7 213.1 228.8 234.8 260.0 
Kerosine, heating oil and diesel oil 98.1 96.6 99.1 102.8 122.9 
Fuel oil 31.2 23.9 16.7 16.5 22.2 
Other products 73.1 71.0 72.6 74.9 85.4 

Total production 426.1 404.6 417.2 429.0 490.5 

Crude oil purchases—thousand barrels daily 365.4 332.8 328.9 434.6 490.0 

Marketing—thousand barrels daily 
Crude oil sales 219.1 189.2 175.4 253.5 284.8 
Natural gas liquids sales 25.3 24.0 28.5 27.5 33.3 
Natural gas sales—million cubic feet 

daily 793.1 982.3 1,022.7 1,036.7 1,084.2 
Petroleum product sales 

Gasoline 226.8 212.1 217.7 252.9 268.0 
Kerosine, heating oil and diesel oil 116.1 116.6 114.8 128.9 144.7 
Fuel oil 29.6 23.2 18.4 19.8 25.3 
Other products 13.5 12.3 14.4 20.1 25.1 

Total products 386.0 364.2 365.3 421.7 463.1 

Chemicals Ammonia production—tons daily 3,559 3,730 3,772 3,706 3,627 
Processed coke production-

3,559 

tons daily 1,370 1,600 1,933 1,680 1,611 
Petrochemical sales— 

1,370 

thousand gallons daily 1,010 954 968 897 1,063 

Metals Annual mine production—thousand pounds: 
Molybdenum in concentrates 619 — 1,832 3,729 5,394 
Lanthanides (rare earths) in 

concentrates 37,661 38,582 37,660 35,244 36,410 
Annual roaster production—thousand pound; 

37,661 38,582 

Molybdenum oxide 492 4,169 5,791 5,601 5,752 

Sales Data Sales—million dollars 
Petroleum products 5,249.4 5,545.9 5,961.2 5,848.8 4,394.9 
Crude oil and condensate 2,284.7 2,138.8 2,049.7 1,826.7 1,320.1 
Chemicals 1,116.2 1,135.6 1,210.5 1,047.7 865.4 
Natural gas 700.1 903.1 812.9 598.2 458.2 
Natural gas liquids 192.0 169.1 213.2 183.9 152.9 
Geothermal 153.7 119.0 110.4 69.1 37.7 
Metals 61.7 60.8 103.6 119.5 129.8 
Other 135.6 133.3 127.0 92.9 85.4 
Consumer excise taxes 480.5 342.8 358.0 384.9 400.9 

Total sales 10,373.9 10,548.4 10,946.5 10,171.7 7,845.3 



Directors 

William R Ballhaus, 1977 
Retired President and Chief Executive 
Officer, Beckman Instruments, Inc., 
Fullerton, California (Analytical instruments 
and components) 

*Claude S.Brinegar, 1968 
Senior Vice President, Unocal Corporation, 
Los Angeles 

*RayA. Burke, 1966 
Senior Vice President, Unocal Corporation, 
Los Angeles 

Robert D. Campbell, 1981 
Retired Chairman of the Board, Newsweek, 
Inc., San Francisco (National news magazine) 

WUliam H . Doheny, 1954 
Personal Investments, 
Beverly Hil ls , California 

Richard K. Earner, 1981 
Chairman and Chief Executive Officer, 
National Medical Enterprises, Inc., 
Los Angeles (Hospitals and health care 
services) 

Lewis B. Harder, 1977 
Chairman and Chief Executive Officer, 
International Mining Corporation, New York 
(Natural Resources) 

*FredL. Hartley, 1960 
Chairman and President, 
Unocal Corporation, Los Angeles 

*T. C. Henderson, 1976 
Senior Vice President, Unocal Corporation, 
Los Angeles 

Donald P. Jacobs, 1972 
Dean, J.L. Kellogg Graduate School of 
Management, Northwestern University, 
Evanston, Illinois 

*William S. McConnor, 1973 
Senior Vice President, Unocal Corporation, 
Los Angeles 

Peter O'Malley, 1976 
President, Los Angeles Dodgers, Inc., 
Los Angeles (Professional baseball club) 

*Bichard J. Stegemeier, 1980 
Senior Vice President, Unocal Corporation, 
Los Angeles 

Donn B. Tatum, 1977 
Chairman of the Executive Committee, 
Walt Disney Productions, Burbank, California 
(Entertainment and recreational activities) 

Officers 

Fred L. Hartley 
Chairman and President 

Claude S. Brinegar 
Senior Vice President, Administration 

Ray A. Burke 
Senior Vice President, Energy Resources 

T. C. Henderson 
Senior Vice President, 
President, Union Chemicals Division 

William S. McConnor 
Senior Vice President, 
President, Union 76 Division 

Richard J. Stegemeier 
Senior Vice President, 
Corporate Development 

Philip Blarney 
Vice President, Finance, 
Chief Financial Officer 

George C. Bond 

Vice President and General Counsel 

Joseph Byrne 
Vice President, Corporate Human 
Resources 
Cloyd P. Reeg 
Vice President, 
President, Union Science and 
Technology Division 

Robert O. Hedley 
Secretary 

E . H . Powell 
Treasurer 

Lyle C. Rutherford 
Comptroller 

K . G . Hanks 
Assistant Comptroller 

C.S. McDowell 
Assistant Comptroller 

W.D. Farr 
Assistant Treasurer 

S.H. Nosier 
Assistant Treasurer and 
Assistant Secretary 

J.R. Courtney 
Assistant Secretary 

R . E . Jenkins 
Assistant Secretary 

R.P.VanZandt 
Assistant Secretary "Member of the Executive Committee. 

Date following the name indicates the year'first 
elected director. 



Divisions and Subsidia 
Union Oil and Gas Division 
Explores for and produces oil and gas in the 
United States. 

Harry E. Keegan, President 
F.J. Barker, Vice President 
J. S. Brown, Vice President 
H . T. Finney, Vice President 
E.D.B.Laudeman, Vice President 
J. W. Luckett, Jr., Vice President 
C M . Schwartz, Vice President 
T.W. Stoy, Jr., Vice President 

Union International Oi l Division 
Explores for and produces oil and gas 
overseas. 

John F. Imle, Jr., President 
E.F. Griffin, Vice President 
W . K . Lewright, Vice President 
H . D. Maxwell, Jr., Vice President 
R . R . Roethke, Vice President 
W . A . Sax, Vice President 

Union Oil Company of Thailand 
Explores for and produces natural gas in 
Thailand. 

Ray A. Burke, Chairman 
Harold M . Lian, President 

Union Geothermal Division 
Explores for and produces geothermal 
energy in the United States and overseas. 

Carel Otte, President 
Chester F. Budd, Jr., Vice President 
J. Erick Mack, Jr., Vice President 
Neil J. Stefanides, Vice President 
Vane E. Suter, Vice President 
Joseph L. Wilson, Vice President 

Union Energy Mining Division 
Explores for, develops and produces o i l shale 
resources. 

John M . Hopkins, President 
Downs McCloskey, Jr., Vice President 
Allen C. Randle, Vice President 

union /o jjivision 
Refines and markets petroleum products in 
the United States. 

William S. McConnor, President 
D. L. Hanley, Senior Vice President 
R.F. Nootbaar, Senior Vice President 
E. P. Barnett, Vice President 
R . C . Beach, Vice President 
R . N . Creek, Vice President 
T. W. Matthews, Vice President 
R.E. Robbins, Vice President 
Ron R. Runge, Vice President 
Clay R. Warnock, Vice President 

Molycorp, Inc. (100%) 
Explores for, mines, processes and markets 
non-energy minerals including molybdenum, 
lanthanides (rare earths) and columbium. 

Thomas B. Sleeman, President 
R. Gene Dewey, Vice President 
W.R. Moran, Vice President 
Warren N . Warhol, Vice President 
Thomas A Wilson, Vice President 

Union Chemicals Division 
Manufactures and markets chemical fertil
izers, industrial chemicals, solvents and 
carbons. 

T. C. Henderson, President 
N . E. Lynam, Senior Vice President 
K.L . Openshaw, Senior Vice President 
L. S. Pierson, Senior Vice President 
D. E. Barth, Vice President 
L. A. Dodgion, Vice President 
E. E. Johnson, Vice President 
E. F. Knights, Vice President 
D.R. Love, Vice President 
C.F. Merrill , Vice President 
W. F. Murphy, Vice President 
T. D. Renfer, Vice President 
P. C. Schmid, Vice President 

Union Real Estate Division 
Manages and markets surplus and investment 
lands in the United States. 

R. F. Koch, President 
Frank J. Rickman, Vice President 

Moreland Development Company (100%) 
Develops and markets industrial, commercial 
and residential real estate. 
Richard K. Jemison, President 
John D. Murphy, Vice President 
William C. Pontius, Vice President 

Union Science and Technology Division 
Handles all aspects of company research and 
development. 

Cloyd P. Reeg, President 
Arnold E. Kelley, Senior Vice President 
S.K. Alley, Vice President 
William J. Baral, Vice President 
John H . Duir, Vice President 
Gerald H . Rickels, Vice President 
Joseph Walker, Vice President 

Union Oil Company of Canada 
Limited (100%) 
Explores for and produces o i l and gas in 
Canada. 

Fred L. Hardey, Chairman 
C. W. Dumett, Jr., President 
J.A. Abramo, Vice President 
R. M . Briggs, Vice President 
D. B. Jarrett, Vice President 
D. B. Leitch, Vice President 
J. G. Vandermeer, Vice President 

Washington, D.C. Office 
E. William Cole, Jr., Vice President 



U N O C A L 
UNOCAL Corporation 
Union Oil Center, 461 South Boylston Street 
Los Angeles, California 90017 



ATTACHMENT I - l 
Union 76 Division: Eastern Region 

Union Oil Company of California 
Chicago Refinery, Lemont, Illinois 60439 
Telephone (312) 257-7761 

unian 
A.J. Eiiskains December 14 1984 
Manager , C h i c a g o R e f i n e r y D C L C i u u e i ±H , ± ? o t 

M r . V a l d a s Adamkas 
R e g i o n a l A d m i n i s t r a t o r 
U n i t e d S t a t e s E n v i r o n m e n t a l 
P r o t e c t i o n A g e n c y - R e g i o n V 
Was te Managemen t B r a n c h 
230 S . D e a r b o r n 
C h i c a g o , I L 60604 

D e a r S i r : 

R e q u e s t f o r A p p r o v a l i n 
P r i n c i p l e - I m p o u n d m e n t C l o s u r e 

A f t e r d i s c u s s i o n w i t h t h e U . S . EPA a n d I l l i n o i s E P A , U n i o n 
O i l o f C a l i f o r n i a ( U n i o n O i l ) s e e k s c l a r i f i c a t i o n a n d 
" a p p r o v a l - i n - p r i n c i p l e " f r o m b o t h a g e n c i e s f o r t h e c l o s u r e 
o f a s u r f a c e i m p o u n d m e n t w h i c h i s p a r t o f i t s h a z a r d o u s 
w a s t e l a n d t r e a t m e n t a r e a , a s d e s c r i b e d i n i t s r e c e n t l y 
s u b m i t t e d P a r t B p e r m i t a p p l i c a t i o n . 

T h i s r e q u e s t , a n d t h e i n f o r m a t i o n c o n t a i n e d h e r e i n , 
d e s c r i b e s t h e a p p r o a c h p r o p o s e d by U n i o n O i l . T h i s a p p r o a c h 
f u l l y c o m p l i e s w i t h t h e c l o s u r e r e q u i r e m e n t s o f b o t h 
S u b p a r t s G a n d K o f 40 C F R 264 a n d w i l l a l l o w U n i o n O i l t o 
" c l o s e " t h e s u r f a c e i m p o u n d m e n t , a n d s u b s e q u e n t l y r e - o p e n 
t h e i m p o u n d m e n t f o r w i n t e r s t o r a g e o f n o n h a z a r d o u s w a s t e s . 
O u r a p p r o a c h a n d r a t i o n a l e f o l l o w . 

D e s c r i p t i o n o f _ S u r f a c e _ I m p o u n d m e n t _ O p e r a t i o n s 

O n i o n O i l h a s r e c e n t l y s u b m i t t e d a P a r t B p e r m i t a p p l i c a t i o n 
t o t h e U . S . E P A f o r t h e o p e r a t i o n o f a l a n d t r e a t m e n t 
f a c i l i t y . 

W i t h i n t h a t p e r m i t a p p l i c a t i o n , U n i o n O i l p r o p o s e d t o c l o s e 
t h e s u r f a c e i m p o u n d m e n t c o n t a i n e d w i t h i n t h e h a z a r d o u s w a s t e 
l a n d t r e a t m e n t a r e a , a n d t o s u b m i t a c l o s u r e p l a n b y 
D e c e m b e r 3 1 , 1 9 8 4 . See F i g u r e 1 . 



M r . V a l d a s Adamkas - 2 - D e c e m b e r 1 4 , 1984 

T h e s u r f a c e i m p o u n d m e n t , as shown i n F i g u r e 2 , c o n s i s t s o f 2 
c e l l s a n d e n c o m p a s s e s a n a r e a w i t h a p p r o x i m a t e d i m e n s i o n s o f 
700 f e e t b y 200 f e e t . S l u d g e s a r e e m p t i e d i n t o t h e f i r s t 
c e l l a n d f l o w b y g r a v i t y i n t o t h e s e c o n d c e l l . D u r i n g 
w i n t e r s t o r a g e , t h e f r e e z i n g a n d s u b s e q u e n t t h a w i n g o f t h e 
s l u d g e s r e s u l t s i n d e w a t e r i n g . R e l e a s e d l i q u i d s a r e d r a w n 
o f f i n t h e s e c o n d c e l l a n d f l o w t o t h e r e f i n e r y 1 s w a s t e w a t e r 
t r e a t m e n t s y s t e m . R e s i d u a l s o l i d s c o n t a i n e d w i t h i n t h e 
s u r f a c e i m p o u n d m e n t a r e r e m o v e d u s i n g a f r o n t - e n d l o a d e r 
d u r i n g t h e s p r i n g a n d s u m m e r p e r i o d a n d a r e p l a c e d on t h e 
a c t i v e l a n d t r e a t m e n t p l o t s . H a z a r d o u s w a s t e s g e n e r a t e d a t 
t h e r e f i n e r y a r e n o t p l a c e d i n t h e s u r f a c e i m p o u n d m e n t , b u t 
r a t h e r a r e p l a c e d d i r e c t l y o n t h e l a n d t r e a t m e n t p l o t s . 

D u r i n g l a t e 1 9 8 0 a n d e a r l y 1 9 8 1 , U n i o n O i l s t o r e d a s l u d g e 
m i x t u r e w h i c h c o n t a i n e d A P I s e p a r a t o r s l u d g e ( a l i s t e d 
h a z a r d o u s w a s t e ) w i t h i n t h e s u r f a c e i m p o u n d m e n t . T h e 
q u a n t i t y o f A P I s e p a r a t o r s l u d g e p l a c e d w i t h i n t h e s u r f a c e 
i m p o u n d m e n t a m o u n t e d t o a p p r o x i m a t e l y 1% o f t h e t o t a l w a s t e 
m i x t u r e p l a c e d i n t h e s u r f a c e i m p o u n d m e n t d u r i n g t h a t 
p e r i o d , a s s h o w n o n T a b l e 1 . U n i o n O i l h a s n o t p l a c e d a n y 
o t h e r h a z a r d o u s w a s t e s i n t h e s u r f a c e i m p o u n d m e n t s i n c e t h e 
A P I s e p a r a t o r s l u d g e , a n d h a s n o n e e d t o d o s o i n t h e 
f u t u r e . 

S i n c e h a z a r d o u s w a s t e s w e r e p l a c e d i n t h e s u r f a c e 
i m p o u n d m e n t , c u r r e n t f e d e r a l r e g u l a t i o n s r e q u i r e t h a t t h e 
s u r f a c e i m p o u n d m e n t e i t h e r b e p e r m i t t e d u n d e r t h e P a r t B 
p e r m i t a p p l i c a t i o n o r c l o s e d . 

T h e s u r f a c e i m p o u n d m e n t s e r v e s a r e q u i r e d f u n c t i o n i n t h e 
t o t a l o p e r a t i o n o f t h e l a n d t r e a t m e n t f a c i l i t y i n t h a t 
n o n h a z a r d o u s w a s t e s a r e s t o r e d i n t h e i m p o u n d m e n t d u r i n g t h e 
w i n t e r o p e r a t i o n s when l a n d t r e a t m e n t i s i m p r a c t i c a l . U n i o n 
O i l d e s i r e s t o c o n t i n u e t o u s e t h e s u r f a c e impoundmen t f o r 
t h i s f u n c t i o n . C o n s e q u e n t l y , U n i o n O i l p r o p o s e s t o " c l o s e 1 

t h e s u r f a c e i m p o u n d m e n t a n d i m m e d i a t e l y t h e r e a f t e r r e o p e n 
t h e i m p o u n d m e n t f o r w i n t e r s t o r a g e o f n o n h a z a r d o u s w a s t e s 
a n d c o n t i n u e o p e r a t i o n o f t h e i m p o u n d m e n t a s a d e c a n t b a s i n . 
W i n t e r f r e e z i n g o f n o n h a z a r d o u s s l u d g e s p l a c e d w i t h i n t h e 
i m p o u n d m e n t p r o m o t e s d e w a t e r i n g d u r i n g t h e s p r i n g t h a w a n d 
p r o v i d e s a more e a s i l y h a n d l e d m a t e r i a l f o r p l a c e m e n t o n t h e 
l a n d t r e a t m e n t p l o t s . 



M r . V a l d a s Adanvkas - 3 - D e c e m b e r 1 4 , 1984 

C l o s u r e 

C l o s u r e w i l l b e i n i t i a t e d a f t e r t h e s p r i n g t h a w a n d t h e 
r e m o v a l o f a n y m a t e r i a l s c o n t a i n e d i n t h e s u r f a c e 
i m p o u n d m e n t . F o r p u r p o s e s o f m o n i t o r i n g t h e c l o s u r e 
a c t i v i t i e s , h o w e v e r , i t i s p r o p o s e d t h a t t h e f o l l o w i n g 
s c h e d u l e f o r i m p l e m e n t a t i o n be a d h e r e d t o : 

1) I t i s a n t i c i p a t e d t h a t a l l s l u d g e s w i l l be r e m o v e d 
b y t h e end o f J u n e , 1 9 8 5 . 

2) W i t h i n 15 d a y s ( J u l y , 1 9 8 5 ) a f t e r r e m o v a l o f a l l 
w i n t e r s t o r e d n o n h a z a r d o u s w a s t e s i n t h e s u r f a c e 
i m p o u n d m e n t , U n i o n O i l w i l l p r o c e e d t o i m p l e m e n t 
t h e b o t t o m s o i l t e s t i n g p r o g r a m a s d e s c r i b e d 
b e l o w . 

3) S o i l s a m p l e s w i l l be i m m e d i a t e l y t r a n s f e r r e d t o a 
l a b o r a t o r y f o r t o t a l m e t a l s a n d E P t o x i c i t y 
m e t a l s . L a b o r a t o r y t u r n - a r o u n d i s e x p e c t e d t o b e 
a p p r o x i m a t e l y s i x w e e k s ( t h e e n d o f A u g u s t , 1 9 8 5 ) . 

4) A r e p o r t d o c u m e n t i n g t h e m e t h o d s a n d p r o c e d u r e s o f 
s o i l s a m p l i n g u s e d , a n d t h e r e s u l t s o f t h e 
a n a l y t i c a l p r o g r a m , w i l l b e p r e p a r e d a f t e r t h e 
l a b o r a t o r y d a t a h a s b e e n r e c e i v e d a n d w i l l be 
s u b m i t t e d t o t h e I l l i n o i s E P A b y t h e e n d o f 
S e p t e m b e r , 1 9 8 5 . 

5) F i n a l c l o s u r e w i l l be c o m p l e t e d w i t h i n 30 d a y s o f 
a p p r o v a l . 

W h e n U n i o n O i l i m p l e m e n t s c l o s u r e , a l l p r o c e d u r e s a n d 
m e t h o d s w i l l b e d o c u m e n t e d . T h i s d o c u m e n t a t i o n w i l l be 
s i g n e d a n d d a t e d by a U n i o n O i l r e p r e s e n t a t i v e . C o p i e s o f 
a l l a n a l y t i c a l r e s u l t s a n d a n y o t h e r p e r t i n e n t comments w i l l 
be made p a r t o f t h i s c e r t i f i c a t i o n . 

A n i n d e p e n d e n t r e g i s t e r e d p r o f e s s i o n a l e n g i n e e r w i l l be 
u t i l i z e d f o r i n s p e c t i o n o f t h e s u r f a c e i m p o u n d m e n t a f t e r a l l 
s l u d g e s h a v e b e e n r e m o v e d a n d w i l l o b t a i n t h e b o t t o m s o i l 
s a m p l e s a s p r e v i o u s l y d e s c r i b e d . A c l o s u r e c e r t i f i c a t i o n 
w i l l b e p r e p a r e d b y t h i s i n d e p e n d e n t e n g i n e e r f o r s u b m i t t a l 
b y U n i o n O i l t o t h e S t a t e o f I l l i n o i s a n d E P A R e g i o n V 



M r . V a l d a s Adamkas - 4 - December 1 4 , 198 4 

o f f i c e s . T h i s c e r t i f i c a t i o n w i l l c o m p l e t e t h e r e q u i r e m e n t s 
o f 40 CFR 2 6 4 . 1 1 5 . 

S o i l T e s t s 

I t i s p r o p o s e d t h a t s o i l b o r i n g s be t a k e n a t t h e b o t t o m o f 
e a c h o f t h e c e l l s a t a p p r o x i m a t e l y t h e m i d - p o i n t o f e a c h 
c e l l ( s h o w n o n F i g u r e 2 ) . A t o t a l o f s i x b o r i n g s w i l l be 
t a k e n . Two c o m p o s i t e s o i l s a m p l e s w i l l b e o b t a i n e d f r o m 
e a c h b o r i n g , o n e c o m p o s i t e f r o m t h e f i r s t t w o f e e t a n d one 
c o m p o s i t e f r o m t h e n e x t t w o f e e t . E a c h b o r i n g w i l l 
t h e r e f o r e b e f o u r f e e t i n t o t a l d e p t h a n d a t o t a l o f t w e l v e 
( 1 2 ) s o i l s a m p l e s w i l l b e o b t a i n e d . B o r i n g s w i l l b e 
o b t a i n e d f r o m t h e f l i g h t s d o w n t o t h e a p p r o p r i a t e d e p t h . 
A n a l y s e s w i l l i n c l u d e t o t a l m e t a l s a s w e l l a s E P t o x i c i t y 
m e t a l s . S e e T a b l e 2 f o r a n a l y t i c a l r e q u i r e m e n t s 

G r o u n d w a t e r M o n i t o r i n g 

T h e s u r f a c e i m p o u n d m e n t i s l o c a t e d w i t h i n t h e RCRA P a r t B 
p e r m i t t e d a r e a . The g r o u n d w a t e r m o n i t o r i n g s y s t e m f o r t h e 
l a n d t r e a t m e n t a r e a w i l l b e u t i l i z e d f o r p o s t c l o s u r e 
m o n i t o r i n g o f t h e s u r f a c e i m p o u n d m e n t ( 2 6 4 . 2 2 8 ( b ) ( 3 ) ) . 
F i g u r e 1 s h o w s t h e m o n i t o r i n g w e l l l o c a t i o n s i n r e l a t i o n t o 
t h e l o c a t i o n o f t h e s u r f a c e i m p o u n d m e n t . E x i s t i n g w e l l 
l o c a t i o n s p r o v i d e f o r b o t h u p g r a d i e n t a n d d o w n g r a d i e n t 
m o n i t o r i n g o f t h e s u r f a c e i m p o u n d m e n t . 

N o t i f i c a t i o n o f p a s t o p e r a t i o n s i n p r o p e r t y d e e d s w i l l 
e n s u r e t h a t r e q u i r e m e n t s o f 40 C F R 2 6 4 . 1 2 0 a r e f u l l y m e t . 
W i t h t h e a n t i c i p a t e d r e m a i n i n g o p e r a t i o n a l l i f e o f t h e l a n d 
t r e a t m e n t a r e a a t a p p r o x i m a t e l y 12 y e a r s , t o b e f o l l o w e d b y 
3 0 y e a r s o f p o s t c l o s u r e m o n i t o r i n g o f t h e l a n d t r e a t m e n t 
a r e a , m o n i t o r i n g f o r t h e s u r f a c e i m p o u n d m e n t w i l l e n c o m p a s s 
a p e r i o d g r e a t e r t h e n 30 y e a r s a s r e q u i r e d u n d e r 4 0 CFR 
2 6 4 . 1 1 7 ( a ) ( 1 ) . -

S_umma r y 

U n i o n O i l p r o p o s e s t h e f o l l o w i n g p r o g r a m : 

.1. R e m o v a l o f s u r f a c e i m p o u n d m e n t s l u d g e s . 

2 . S o i l t e s t i n g by a n i n d e p e n d e n t c o n t r a c t o r . 



M r . V a l d a s AdamJ-cas - 5 - D e c e m b e r 1 4 , 1984 

3 . C e r t i f i c a t i o n o f c l o s u r e b y t h e C o m p a n y a n d a n 
i n d e p e n d e n t r e g i s t e r e d p r o f e s s i o n a l e n g i n e e r . 

4 . G r o u n d w a t e r m o n i t o r i n g f o r a m i n i m u m o f 30 y e a r s . 

5 . R e - o p e n i n g t h e s u r f a c e i m p o u n d m e n t f o r s t o r a g e o f 
n o n - h a z a r d o u s w a s t e s . 

We w o u l d a p p r e c i a t e y o u r e a r l i e s t r e s p o n s e t o t h i s r e q u e s t . 
I f y o u h a v e a n y q u e s t i o n s , p l e a s e c o n t a c t M r . L . D . E r c h u l l 
a t ( 3 1 2 ) 2 5 7 - 7 7 6 1 f o r a s s i s t a n c e . 

V e r y t r u l y y o u r s , 

D . W. B r u c k e r t , S u p e r v i s o r 
E n v i r o n m e n t a l S e r v i c e s 

L D E : h w 

c c : M r . L a w r e n c e E a s t e p - I E P A 
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TABLE 1 

HISTORIC LAND APPLICATION RECORD 
(Dry Tons) 

W a s t e 1983 

A P I S e p a r a t o r S l u d g e 

C l e a r W e l l S l u d g e 

C o o l i n g T o w e r S l u d g e 25 

C o r r u g a t e d P l a t e S e p a r a t o r 
B o t t o m s 

H e a v y O i l S l u d g e 

S l o p O i l E m u l s i o n s 

S t o r m W a t e r P o n d 

D r e d g i n g s 1650 

T a n k C l e a n i n g Was t e 

W a t e r & W a s t e w a t e r 
S l u d g e 2060 
T o t a l s 3735 

Year* 
1982 

200 

10 

2328 

1444 

3982 

1981 

18 ** 

150 

18 00 

1968 

* R e c o r d s u n a v a i l a b l e p r i o r t o 19.81 
* * E s t i m a t e d a t 1% o f W a t e r & W a s t e w a t e r S l u d g e 

N o t e : S l o p o i l e m u l s i o n s h a v e n o t b e e n g e n e r a t e d as o f t h i s 
d a t e . 



SECTION J 

OTHER FEDERAL LAWS 

A t t h i s t i m e , t h e l a n d t r e a t m e n t a r e a i s t h e o n l y o p e r a t i o n 

u n d e r t h i s P a r t B P e r m i t . H o w e v e r , t h e C h i c a g o R e f i n e r y h a s 

a n u m b e r o f o t h e r o p e r a t i o n s t h a t h a v e v a l i d p e r m i t s . T h e s e 

i n c l u d e a i r e m i s s i o n a n d w a s t e w a t e r d i s c h a r g e p e r m i t s , a l l 

o f w h i c h a r e a d m i n i s t e r e d by t h e S t a t e o f I l l i n o i s . 

A t t h i s t i m e , t h e C h i c a g o R e f i n e r y i s e i t h e r i n f u l l 

c o m p l i a n c e w i t h a l l f e d e r a l a n d I l l i n o i s e n v i r o n m e n t a l 

r e q u i r e m e n t s , o r s u c h r e q u i r e m e n t s a r e n o t a p p l i c a b l e t o 

t h i s f a c i l i t y . F e d e r a l l a w s n o t a p p l i c a b l e t o t h e C h i c a g o 

R e f i n e r y i n c l u d e : W i l d a n d S c e n i c R i v e r s A c t ; N a t i o n a l 

H i s t o r i c P r e s e r v a t i o n A c t o f 1 9 6 6 ; E n d a n g e r e d S p e c i e s A c t ; 

C o a s t a l Zone M a n a g e m e n t A c t ; a n d , t h e F i s h a n d W i l d l i f e 

C o o r d i n a t i o n A c t . 
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SECTION K 

CERTIFICATION 

"I c e r t i f y u n d e r p e n a l t y o f l a w t h a t I h a v e p e r s o n a l l y 
e x a m i n e d a n d am f a m i l i a r w i t h t h e i n f o r m a t i o n s u b m i t t e d i n 
t h i s d o c u m e n t a n d a l l a t t a c h m e n t s a n d t h a t , b a s e d o n my 
i n q u i r y o f t h o s e i n d i v i d u a l s i m m e d i a t e l y r e s p o n s i b l e f o r 
o b t a i n i n g t h e i n f o r m a t i o n , I b e l i e v e t h a t t h e i n f o r m a t i o n i s 
t r u e , a c c u r a t e , a n d c o m p l e t e . I am a w a r e t h a t t h e r e a r e 
s i g n i f i c a n t p e n a l t i e s f o r s u b m i t t i n g f a l s e i n f o r m a t i o n , 
i n c l u d i n g t h e p o s s i b i l i t y o f f i n e a n d i m p r i s o n m e n t . " 

S i g n a t u r e : \1 

Name a n d T i t l e : A . J . E i i s k a i n s 

M a n a g e r , C h i c a g o R e f i n e r y 
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LITERATURE REVIEW 

INTRODUCTION 

T h e f o l l o w i n g s e c t i o n s a r e i n d i v i d u a l s u m m a r i e s o f e a c h 

p e r t i n e n t a r t i c l e f o u n d i n t h e l i t e r a t u r e r e v i e w a n d 

p r e v i o u s l y r e f e r e n c e d . E a c h a r t i c l e i n c l u d e s a s u m m a r y o f 

t h e w a s t e t y p e s b e i n g t r e a t e d , a r e v i e w o f t h e s o i l s u s e d 

f o r t r e a t m e n t , d a t a on w a s t e a p p l i c a t i o n a n d d e s i g n r a t e s , 

a s w e l l a s t h e r e s u l t s o f t h e s t u d i e s . P e r t i n e n t t a b l e s 

a n d / o r f i g u r e s f r o m e a c h a r t i c l e h a v e a l s o b e e n i n c l u d e d 

when a v a i l a b l e . 

F o r r e f e r e n c e , t h e f o l l o w i n g l i s t i n g shows a u t h o r ( s ) , t i t l e , 

a n d t h e p a g e number o n w h i c h e a c h a r t i c l e summary s t a r t s . 

1 
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E n v i r o n m e n t a l P a r a m e t e r s o n 11 
B i o d e g r a d a t i o n o f O i l S l u d g e . " 
A p p 1 i e d a_n_d E n v i r o n m e n t a l 
M i c r o b i o l o g y . V o l u m e 3 7 , N u m b e r 4 . 
1979 . 

3 D i b b l e , J . T . a n d R . B a r t h a . " L e a c h i n g 
A s p e c t s o f O i l S l u d g e B i o d e g r a d a t i o n i n 25 
S o i l . " S o i l S c i e n c e . V o l u m e 1 2 7 , 
Number 6 . 1 9 7 9 . 

4 M e y e r s , J . D . a n d R o b e r t L . H u d d l e s t o n . 
" T r e a t m e n t o f O i l y R e f i n e r y W a s t e s b y 34 
L a n d f a r m i n g . " P r o c e e d i n g s o f t h e 
_3_.4_t h _ I _ n d j i s _ t r i a _ l W a s t e C o n f e r e n c e a t 
P u r d u e J l n i Y S £ S i t y . May 8 - 1 0 , 1 9 7 9 . 

5 D e u e l , J r . , L . E . , a n d K . W . B r o w n . 
" E n v i r o n m e n t a l I m p a c t o f L a n d 43 
C u l t i v a t i o n w i t h I n d u s t r i a l W a s t e s . " 
D_i_s_p_o s_a_l o_f I n d u s t r i a l a n d O i l y 
S l u d g e s b y L a n d C u l t i v a t i o n . 
R e s o u r c e S y s t e m s a n d M a n a g e m e n t 
A s s o c i a t i o n . N o r t h f i e l d , N e w J e r s e y . 
1 9 8 0 . 

6 R a y m o n d , R . L . , J . O . H u d s o n , a n d B . W . 
J a m i s o n . " A s s i m i l a t i o n o f O i l b y S o i l 46 
B a c t e r i a . " D i s p o s a l o f I n d u s t r i a l 
a n d O i l y S l u d g e s b y L a n d C u l t i v a t i o n . 
R e s o u r c e S y s t e m s a n d M a n a g e m e n t 
A s s o c i a t i o n . N o r t h f i e l d , New J e r s e y . 
1980 . 

7 N o r r i s , D . J . " L a n d S p r e a d i n g o f O i l y a n d 
B i o l o g i c a l S l u d g e s i n C a n a d a . " 64 
P r o c e e d i n g s o f t h e 3 5 t h I n d u s t r i a l 
W a s t e C o n f e r e n c e a_t_ P u r d u e 
U n i v e r s i t y . " M a y 1 3 - 1 5 , 1 9 8 0 . 

2 



j u m b e r R e f e r e n c e P a g e Number 

8 W e l d o n , R . A . " A t m o s p h e r i c E m i s s i o n s f r o m 
O i l W a s t e L a n d s p r e a d i n g . " 73 
E n v i r o n m e n t a l A f f a i r s D e p a r t m e n t , 
A m e r i c a n P e t r o l e u m I n s t i t u t e . A p r i l , 
1 9 8 0 . 

9 B r o w n , K . W . , K . C . D o n e l l e y , J . C . T h o m a s , 
a n d L . E . D e u e l , J r . " F a c t o r ' s 84 
I n f l u e n c i n g t h e B i o d e g r a d a t i o n o f A P I 
S e p a r a t o r S l u d g e s A p p l i e d t o S o i l s . " 
L_a_n_d D i s p o s a l o f H a z a r d o u s W a s t e s . 
P r o c e e d i n g s o f t h e 7 t h A n n u a l R e s e a r c h 
S y m p o s i u m a t P h i l a d e l p h i a , 
P e n n s y l v a n i a . M a r c h 1 6 - 1 8 . 1 9 8 1 . 

10 M i n e a r , R . A . , J . L . R a n d a l l , a n d R . G . 
W e a t h e r o l d . " A t m o s p h e r i c H y d r o c a r b o n 88 
E m i s s i o n s f r o m L a n d T r e a t m e n t o f 
R e f i n e r y O i l y S l u d g e s . " A m e r i c a n 
P e t r o l e u m I n s t i t u t e . M a y , 1 9 8 1 . 

11 H u d d l e s t o n , R . L . J . E . R u c k e r , R . W . B r o w n , 
a n d L . E . D e u e l , J r . " E v a l u a t i o n o f 105 
S u b s u r f a c e E f f e c t s o f L o n g - T e r m 
L a n d f a r m i n g . " L a n d D i s p o s a l o f 
H a z a r d o u s W a s t e , P r o c e e d i n g s o f t_h_e 
8 t h A n n u a 1 R e s e a r c h S y m p o s i u m a t F o r t 
M i t c h e l l , K e n t u c k y , M a r c h 8~-10', 1 9 8 2 . 
E P A - 6 0 0 / 9 - 8 2 - 0 0 2 . M a r c h , 1 9 8 2 . 
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1 ) . K i n c a n n o n , C . B . r " O i l y W a s t e D i s p o s a l By S o i l 
C u l t i v a t i o n P r o c e s s . " U S E P A , O f f i c e o f R e s e a r c h 
and M o n i t o r i n g . Washington, D . C . December, 1972. 

WASTES 

T h e a u t h o r s t u d i e d t h r e e p e t r o l e u m w a s t e s : c r u d e o i l t a n k 

b o t t o m s ; a h i g h m o l e c u l a r w e i g h t f u e l o i l ( b u n k e r C f u e l o i l 

o r N o . 6 f u e l o i l ) w h i c h was h i g h i n o l e f i n e c a n d a r o m a t i c 

c o m p o u n d s ; a n d , a w a x y r a f f i n a t e o i l w h i c h w a s h i g h i n 

p a r a f f i n i c c o m p o u n d s . D e t a i l e d a n a l y s e s o f t h e s e w a s t e s w e r e 

c o n d u c t e d . 

S O I L S 

T h e s o i l t o w h i c h t h e s e w a s t e s w e r e a p p l i e d w a s a 

s a n d y - c l a y , l o a m s o i l . The s o i l h a d a h i s t o r y o f o i l y w a s t e 

a p p l i c a t i o n a n d h a d a p p r o x i m a t e l y 10% o f t h e p r e v i o u s l y 

a p p l i e d o i l s t i l l p r e s e n t i n i t . The a u t h o r a d d e d v a r y i n g 

a m o u n t s o f f e r t i l i z e r t o t h e s o i l . T h e s o i l w a s t i l l e d 

a p p r o x i m a t e l y o n c e e v e r y t w o w e e k s t h r o u g h o u t t h e s t u d y 

p e r i o d . D e t a i l e d s o i l a n a l y s e s w e r e made . 

5 



WASTE APPLICATION/DESIGN 

A l l w a s t e s w e r e a p p l i e d t o t h e s o i l u n d e r f i e l d c o n d i t i o n s . 

T h e w a s t e s w e r e a p p l i e d t o t h e s o i l i n r a t e s o f up t o 40 

p e r c e n t o i l b y w e i g h t i n t h e t o p s i x i n c h e s o f t h e s o i l . 

T h r e e l e v e l s o f f e r t i l i z a t i o n w e r e i n v e s t i g a t e d : ( a ) no 

f e r t i l i z e r ; ( b ) a n i n t e r m e d i a t e l e v e l o f f e r t i l i z e r ; a n d , 

( c ) a h i g h l e v e l o f f e r t i l i z e r . A l l o f t h e w a s t e s w e r e 

s u r f a c e a p p l i e d t o t h e s o i l . 

T h e s t u d y i n v e s t i g a t e d t h e e f f e c t o f a number o f v a r i a b l e s 

o n t h e o i l d e g r a d a t i o n r a t e s , i n c l u d i n g : ( a ) d e g r a d a t i o n 

r a t e s d u e t o d i f f e r e n t w a s t e s ; ( b ) t h e e f f e c t o f f e r t i l i z e r 

a d d i t i o n s o n d e g r a d a t i o n r a t e s o f t h e w a s t e s ; a n d , ( c ) t h e 

e f f e c t o f t h e o i l l e v e l s p r e s e n t i n t h e s o i l o n t h e 

d e g r a d a t i o n r a t e s . 

RESULTS 

• The d i f f e r e n c e s i n t h e d e g r a d a t i o n r a t e s o f 

t h e d i f f e r e n t w a s t e s w e r e m i n i m a l . 

6 



T h e d i f f e r e n t w a s t e s d i d c a u s e d i f f e r e n c e s i n 

t h e n u m b e r s o f m i c r o b e s i n t h e s o i l s t o w h i c h 

t h e y w e r e a p p l i e d . No c o n s i s t e n t p a t t e r n w a s 

a p p a r e n t . 

F e r t i l i z e r a d d i t i o n s i n c r e a s e d t h e 

d e g r a d a t i o n r a t e s o f t h e o i l y w a s t e s . 

D e g r a d a t i o n r a t e s o f 

p r o p o r t i o n a l t o t h e 

t h e s o i l . 

t h e o i l y w a s t e s w e r e 

amoun t o f o i l p r e s e n t i n 

T h e a r o m a t i c a n d s a t u r a t e d h y d r o c a r b o n 

f r a c t i o n s o f t h e o i l y w a s t e s w e r e d e g r a d e d t o 

a g r e a t e r e x t e n t t h a n t h e r e s i n a n d 

a s p h a l t e n e f r a c t i o n o f t h e w a s t e s . 

T h e s t u d y f o u n d t h a t t h e w a s t e i n c r e a s e d t h e 

o r g a n i c a c i d s p r e s e n t i n t h e s o i l a l t h o u g h n o 

o r g a n i c a c i d s w e r e p r e s e n t i n t h e w a s t e . I t 
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was a l s o f o u n d t h a t t h e f e r t i l i z e d s o i l s t o 

w h i c h w a s t e s w e r e a d d e d h a d g r e a t e r a m o u n t s 

o f o r g a n i c a c i d s p r e s e n t t h a n i n t h e 

u n f e r t i l i z e d s o i l s t o w h i c h w a s t e s w e r e 

a d d e d . 

• T h e a d d i t i o n o f w a s t e i n c r e a s e d t h e number o f 

m i c r o b e s p r e s e n t i n t h e s o i l , b u t n o t a l l o f 

t h e m i c r o b i a l i n c r e a s e was d u e t o h y d r o c a r b o n 

u t i l i z i n g m i c r o b e s . F e r t i l i z e r a d d i t i o n s 

f u r t h e r i n c r e a s e d t h e n u m b e r s o f m i c r o b e s 

f o u n d i n t h e s o i l w a s t e m i x t u r e s . 

• T h e a d d i t i o n o f w a s t e t o t h e s o i l c h a n g e d t h e 

d i s t r i b u t i o n o f m i c r o b e s i n t h e s o i l . N i n e 

m o n t h s a f t e r t h e w a s t e a d d i t i o n s t h e 

p r e d o m i n a n t s p e c i e s was A n t h r o b a c t e r , w h e r e a s 

b e f o r e t h e w a s t e a d d i t i o n t h e p r e d o m i n a n t 

s p e c i e s w e r e F l a v o b a c t e r i u m a n d P s e u d o m o n a s . 

T h e m a j o r m i c r o b i a l s p e c i e s p r e s e n t i n t h e 

w a s t e p l o t s w e r e A n t h r o b a c t e r , 
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C o r y n e b a c t e r i u m , F l a v o b a c t e r i u m , N o c a r d i a , 

a n d P s e u d o m o n a s . 

• W h e n r a i n w a t e r w a s i m m e d i a t e l y d r a i n e d o f f 

t h e s o i l p l o t s t h e r e w a s v e r y l i t t l e 

c o n t a m i n a t i o n p r e s e n t i n t h e r u n o f f . When 

r a i n w a t e r was a l l o w e d t o r e m a i n o n t h e p l o t s 

f o r a n u m b e r o f d a y s a n d t h e n d r a i n e d , t h e r e 

was f o u n d t o be 30 t o 1 0 0 p a r t s p e r m i l l i o n 

o f o i l p r e s e n t i n t h e r u n o f f . M o s t o f t h e 

o i l s p r e s e n t w e r e n a p t h e n i c o r g a n i c a c i d s . 

• O i l f o u n d i n t h e e x t r a c t s o f t h e t r e a t m e n t 

p l o t s o i l a t t h e e n d o f t h e s t u d y w e r e h i g h l y 

a r o m a t i c o i l s w i t h s u b s t a n t i a l p e r c e n t a g e s o f 

c o n d e n s e d m u l t i - r i n g a r o m a t i c s t r u c t u r e s . 

• I t a p p e a r e d t h a t t h e s o i l o r g a n i c a c i d 

i n c r e a s e was p r o p o r t i o n a l t o t h e r e d u c t i o n o f 

l o n g - c h a i n p a r a f f i n g r o u p s i n t h e a p p l i e d 

• o i l . 
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• No v e r t i a l m i g r a t i o n o f m e t a l s o r o i l i n t o 

t h e s o i l b e l o w t h e t r e a t m e n t z o n e w a s f o u n d . 

• T h e m a x i m u m o i l d e c o m p o s i t i o n r a t e i n t h e 

s o i l was 1 . 8 . p o u n d s o f o i l p e r c u b i c f o o t o f 

s o i l p e r m o n t h . T h e a v e r a g e o i l 

d e c o m p o s i t i o n r a t e s w e r e 0 . 5 p o u n d s o f o i l 

p e r c u b i c f o o t o f s o i l p e r m o n t h w i t h o u t 

f e r t i l i z e r a d d i t i o n s , t o 1 p o u n d o f o i l p e r 

c u b i c f o o t o f s o i l p e r m o n t h w i t h f e r t i l i z e r 

a d d i t i o n s . 

TABLES AND FIGURES 

T h i s a r t i c l e was r e v i e w e d o n m i c r o f i c h e a n d , t h e r e f o r e , 

no T a b l e s o r F i g u r e s a r e i n c l u d e d i n t h i s s u m m a r y . 
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2 ) . D i b b l e , J . T . and R. B a r t h a . " E f f e c t o f E n v i r o n m e n t a l 
P a r a m e t e r s o n B i o d e g r a d a t i o n o f O i l S l u d g e . " 
A p p l i e d a n d E n v i r o n m e n t a l M i c r o b i o l o g y . Volume 
37, Number 4. 1979. 

WASTES 

T h e w a s t e u s e d i n t h i s s t u d y c o n s i s t e d o f o i l s l u d g e 

c o l l e c t e d f r o m a w a s t e s t o r a g e p i t a t a r e f i n e r y . T h e 

s o u r c e s o f t h e w a s t e w e r e : o i l / w a t e r s e p a r a t o r s ; s t o r a g e 

t a n k b o t t o m s ; a n d , s m a l l s p i l l s o n t h e r e f i n e r y p r o p e r t y . 

The s l u d g e was a i r d r i e d , a n d p a s s e d t h r o u g h a 3 m i l l i m e t e r 

s c r e e n b e f o r e b e i n g s t o r e d a t 4 ° C e l s i u s f o r t h e s t u d y 

p e r i o d . T h e a i r d r i e d s l u d g e c o n t a i n e d 24% e x t r a c t a b l e 

h y d r o c a r b o n s , 76% a s h , a n d 4% w a t e r . T h e h y d r o c a r b o n 

c o m p o s i t i o n o f t h e s l u d g e w a s f o u n d t o b e 57% s a t u r a t e d 

h y d r o c a r b o n s , 29% a r o m a t i c h y d r o c a r b o n s , a n d 14% a s p h a l t i c 

h y d r o c a r b o n s . 

SOILS 

T h e s o i l u s e d i n t h i s s t u d y w a s c o l l e c t e d f r o m a 2 0 

c e n t i m e t e r d e p t h a n d s t r a i n e d t h r o u g h a t h r e e m i l l i m e t e r 
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s i e v e . T h e s o i l was c l a s s i f i e d a s a l o a m a n d m i x e d w i t h a n 

e q u a l w e i g h t o f w a s h e d s a n d p a s s i n g a .5 m i l l i m e t e r s i e v e . 

Due t o p r e v i o u s i n d u s t r i a l u s e , t h i s s o i l w a s i n n o c u l a t e d 

w i t h m i c r o b e s b y a d d i t i o n o f a g o o d q u a l i t y a g r i c u l t u r a l 

s o i l p r e i n c u b a t e d w i t h o i l s l u d g e h y d r o c a r a b o n s . T h e 

a g r i c u l t u r a l s o i l w i t h o i l s l u d g e h y d r o c a r b o n s was m i x e d 

i n t o t h e t e s t s o i l a t 0 . 1 p e r c e n t b y w e i g h t . 

WASTE APPLICATION/DESIGN 

A l l o f t h e w o r k c o n s i s t e d o f l a b o r a t o r y s t u d i e s u s i n g 

r e s p i r o m e t e r s . W a s t e a p p l i c a t i o n r a t e s v a r i e d f r o m 1 . 2 5 t o 

30 w e i g h t p e r c e n t o i l i n t h e s o i l p e r a p p l i c a t i o n . A l l 

w a s t e s w e r e s u r f a c e a p p l i e d t o t h e s o i l s a n d m i x e d i n . 

T h e e f f e c t o f s o i l m o i s t u r e , s o i l p H , f e r t i l i z e r a d d i t i o n s , 

m i c r o n u t r i e n t a d d i t i o n s , s u p p l e m e n t a l o r g a n i c a d d i t i o n s , 

w a s t e l o a d i n g r a t e , w a s t e l o a d i n g f r e q u e n c y , a n d t e m p e r a t u r e 

w e r e a l l i n v e s t i g a t e d r e l a t i v e t o t h e i r e f f e c t i v e o n w a s t e 

o i l d e g r a d a t i o n . 
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T h e o v e r a l l d e g r a d a t i o n r a t e f o r e x t r a c t a b l e 

h y d r o c a r b o n s f o u n d i n t h e 1 8 0 - d a y e x p e r i m e n t a l 

p e r i o d w a s 57%. 

T h e o p t i m u m m o i s t u r e c o n t e n t f o r o i l d e g r a d a t i o n 

was f o u n d i n t h e r a n g e o f 50 t o 7 0 p e r c e n t w a t e r 

h o l d i n g c a p a c i t y . 

I t was f o u n d t h a t h i g h e r pH v a l u e s w e r e c o r r e l a t e d 

w i t h g r e a t e r a m o u n t s o f o i l d e g r a d a t i o n . T h e pH 

v a l u e s i n v e s t i g a t e d w e r e 5 . 0 , 6 . 0 , 7 . 0 , a n d 7 . 8 . 

A f t e r 6 0 d a y s o f i n c u b a t i o n CO 2 e v o l u t i o n 

e s s e n t i a l l y s t o p p e d . 

B o t h t h e d e g r a d a t i o n r a t e a n d t h e e x t e n t o f 

h y d r o c a r b o n d e g r a d a t i o n w e r e g r e a t e r f o l l o w i n g t h e 

s e c o n d a p p l i c a t i o n o f w a s t e ( o n d a y 1 0 3 ) , t h a n 

f o u n d f o l l o w i n g t h e i n i t i a l w a s t e a p p l i c a t i o n . I t 

a p p e a r e d t h a t a c c u m u l a t i o n o f t o x i c m e t a b o l i t i e s 
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h a d n o t o c c u r r e d a n d t h a t b i o d e g r a d a t i o n o f 

r e c a l c i t r a n t h y d r o c a r b o n s f r o m t h e f i r s t w a s t e 

a p p l i c a t i o n w e r e c o m e t a b o l i z e d d u r i n g 

b i o d e g r a d a t i o n o f t h e s e c o n d w a s t e c h a n g e . 

The p e r c e n t o f a l l h y d r o c a r b o n s d e g r a d e d w e r e 

f o u n d t o b e g r e a t e r t h a n p r e d i c t e d f r o m c a r b o n 

d i o x i d e e v o l u t i o n . T h i s i m p l i e d t h a t s o m e o f t h e 

h y d r o c a r b o n s w e r e c o n v e r t e d t o c e l l m a t e r i a l a n d 

p r o d u c t s o t h e r c a r b o n d i o x i d e . 

T h e C : N r a t i o , a f t e r w a s t e a d d i t i o n , o f 60 t o 1 

was f o u n d t o h a v e t h e o p t i m u m d e g r a d a t i o n r a t e o f 

t h e C : N r a t i o s s t u d i e d . The C : N r a t i o s o f 300 t o 

1 a n d 1 5 t o 1 h a d g r e a t l y r e d u c e d d e g r a d a t i o n 

r a t e s c o m p a r e d t o a r a t i o o f 60 t o 1 . 

N e i t h e r t r a c e e l e m e n t s n o r s u p p l e m e n t a l o r g a n i c s 

( y e a s t e x t r a c t ) w e r e f o u n d t o be o f s u b s t a n t i a l 

v a l u e i n i n c r e a s i n g t h e d e g r a d a t i o n r a t e s o f w a s t e 

o i l . S e w a g e s l u d g e a t o n e p e r c e n t b y w e i g h t i n 

t h e s o i l d e c r e a s e d d e g r a d a t i o n o f t h e o i l . 
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P r o d u c t i o n o f c a r b o n d i o x i d e i n c r e a s e d w i t h 

i n c r e a s i n g w a s t e l o a d i n g r a t e u p t o 5 p e r c e n t o i l 

by w e i g h t i n t h e s o i l . 

A p p l i c a t i o n o f w a s t e s i n e x c e s s o f f i v e p e r c e n t 

o i l b y w e i g h t i n t h e s o i l p r o d u c e d a r e d u c t i o n i n 

o f c a r b o n d i o x i d e e v o l u t i o n , r e l a t i v e t o c a r b o n 

d i o x i d e p r o d u c t i o n a t f i v e p e r c e n t o i l b y w e i g h t 

i n t h e s o i l . 

T h e g r e a t e s t d e g r a d a t i o n o f a p p l i e d o i l o c c u r r e d 

a t t h e l o w e s t l o a d i n g r a t e ( 1 . 2 5 w e i g h t p e r c e n t b y 

w e i g h t o i l i n t h e s o i l . ) 

T h e a u t h o r s f e l t t h a t t w o l o a d i n g o f w a s t e a t f i v e 

p e r c e n t o i l b y w e i g h t i n t h e s o i l p e r l o a d i n g was 

t h e o p t i m u m l o a d i n g r a t e c o n s i d e r i n g e f f i c i e n t u s e 

o f t h e l a n d a n d a d e q u a t e d e g r a d a t i o n o f t h e 

w a s t e s . 
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T h e l o a d i n g r a t e 

w a s t e s t o t h e s o i l 

v a r i o u s h y d r o c a r b o n 

a n d a p p l i c a t i o n f r e q u e n c y o f 

a f f e c t e d d e g r a d a t i o n o f t h e 

c l a s s e s : 

S a t u r a t e d h y d r o c a r b o n d e g r a d a t i o n 

d e c r e a s e d w i t h i n c r e a s i n g w a s t e l o a d i n g 

r a t e f o r o n e a n d t w o w a s t e a p p l i c a t i o n s 

d u r i n g t h e s t u d y . 

L o a d i n g r a t e s o f f i v e p e r c e n t o i l b y 

w e i g h t i n t h e s o i l p r o d u c e d t h e g r e a t e s t 

p e r c e n t d e g r a d a t i o n o f a e r o m a t i c 

h y d r o c a r b o n s . 

T h e a s p h a l t i c h y d r o c a r b o n g r o u p h a d t h e 

g r e a t e s t p e r c e n t d e g r a d a t i o n r a t e a t a 

l o a d i n g o f 10 p e r c e n t o i l b y w e i g h t i n 

t h e s o i l f o r o n e w a s t e a p p l i c a t i o n , a n d 

a t a l o a d i n g r a t e b e t w e e n 1 0 a n d 1 5 

p e r c e n t o i l i n t h e s o i l f o r 2 w a s t e 

a p p l i c a t i o n s . 
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A l o a d i n g r a t e o f f i v e p e r c e n t o i l b y w e i g h t i n 

t h e s o i l p r o d u c e d a h i g h h y d r o c a r b o n d e g r a d a t i o n 

r a t e w h i l e m i n i m i z i n g a c c u m u l a t i o n o f a s p h a l t i c 

h y d r o c a r b o n s . 

S m a l l m u l t i p l e l o a d i n g s o f w a s t e ( t o t h e s ame 

t o t a l w e i g h t p e r c e n t o i l i n t h e s o i l ) p r o d u c e d 

g r e a t e r d e g r a d a t i o n r a t e s a n d g r e a t e r t o t a l 

d e g r a d a t i o n o f h y d r o c a r b o n s t h e n d i d a s i n g l e 

l o a d i n g o f w a s t e t o t h e s o i l . S m a l l m u l t i p l e 

l o a d i n g s w e r e c o n j e c t u r e d t o k e e p t h e s o i l 

m i c r o b e s i n a n a c t i v e g r o w t h p h a s e . 

L i t t l e o r no i n c r e a s e i n h y d r o c a r b o n d e g r a d a t i o n 

w a s f o u n d a t t e m p e r a t u r e s e x c e e d i n g 2 0 ° C e l s i u s . 

N e g l i g i b l e b i o d e g r a d a t i o n a c t i v i t y w a s f o u n d a t 

5 ° C e l s i u s , a n d 1 3 ° C e l s i u s p r o d u c e d a l a g 

p h a s e a f t e r w h i c h i n t e r m e d i a t e a m o u n t s o f C C ^ 

e v o l u t i o n t o o k p l a c e . 
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FIG. 1. K;;\\t of rractifit on carbon ilioxitlr 

Source: D i b b l e and B a r t h a , ( 2 ) , page 731. 
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T A B L E 1. Effect of mineral nutrients on oil s •fudge biodegradation 

Biodegradation as determined by:" 
Mineral nutrient ra

tios CO.. evolution for days: Residual hydrocarbon for da\ 

0-131 131-265 0-2S5 0-131 131-285 0-285 

No nutrients added 
C:N, 300:1; C:P, 

4,000:1; C:K, 

13.5 
24.0 

22.1 
30.0 

17.8 
27.0 

2(5.1 
28.3 

35.1 
53.7 

30.0 
39.9 

2,000:1 
C:N, 60:1; C:P, 800: 

1; C:K, 400:1 
23.3 38.5 30.9 33.2 59.6 45,2 

C:N, 15:1; C:P, 200: 
1; C:K, 100:1 

13.9 28.9 21.4 26.5 48.9 36.7 

" Loadings were 0.5 g of oil sludge hydrocarbon each on days 0 and 131. The total biodegradation period was 
285 days. 

Z ! 
< 
5 I 

z 
2 > 

. ' — l CO, c.i.-~> 

U3 Q*cr~f4 i« H,a'oc^*on £sffaei*3 

F I G . 2. Effect of soil reaction on oil sludge biodeg
radation. The total height of the histograms repre
sents hydrocarbon degradation; the white portion of 
the histograms represents CO: evolution' as a per
centage of the theoretical total. The CO: evolution 
and hydrocarbon degradation at 100 days and pH 
5.0 were identical and are represented by the cross-
hatched bar. The group of histograms on the right is 
on a different scale because of the reloading on day 
103. 

Source: D i b b l e and B a r t h a , ( 2 ) , page 732. 
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T A B L E 2. Effect of trace elements, yeast extract, 
and setiage sludge on oil sludge biodegradation 

'r Biodegradation a s determined by:" 

Treatment 
CO; 

evolution 
Residual 

hydrocarbon 

Control 19.0 34.4 
Hoagland trace 22.1 33.2 

elements 
Yeast extract 22.6 33.7 
Sewage sludge 13.6 26.1 

"Loading was 0.5 g of oil sludge hydrocarbon. The 
biodegradation period was S3 days. The control re
ceived oil sludge but no other additives. The data are 
corrected for COj evolution from soil alone, from soil 
with yeast extract but no oil sludge, and from soil with 
sewage sludge but no oil sludge, respectively. Conse
quently, the CO.. evolution data represent net COj 
evolution from the oil sludge. 

T A B L E 3. Effect of loading rate on oil sludge biodegradation 

ct Biodegradation as determined by: 

Loading rate >gl CO. «-\ akition for days: Residual hydrocarbon for days: 

i .-131 131-285 0-285 0-131 131-2S5 0-285 

3.00 6.3 8.7 7.5 12.0 20.5 14.5 
2.00 i:.7 14.5 13.1 20.4 26.0 22.4 

' 1.00 23.7 26.3 .25.0 34.5 48.8 40.4 
0.50. 2-5.3 38.5 30.9 36.0 56.9 45.2 
0.25 32 v 48.0 40.0 36.0 60.7 48.7 

"Grams of •.•xtnutahle hydrocarbon per 20 g of soil-sand mixture. The flasks were reloaded with equal 
.untities on day 131. and the total hiodi-cradation period was 285 days. 

Source: D i b b l e and B a r t h a , ( 2 ) , page 733. 
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T A B L E 4. Comparison of hydrocarbon 
biodegradation and residue at various loading 

rates 

Ami of hvdro- , c • , , 
Ixiadine , , L" j Ami of residual 
Loadmg N o . o f l o a d . c a r b o „ b , o d e - h y d r o c a r b o n 

3.00 2 0.S8 5.12 
2.00 2 0.90 3.10 
LOO 2 0.81 1.19 
0.50 2 0.45 0.55 
0.25 2 024 0.26 

" Grams '/f exlractable hydrocarbon per 20 g of soil-
sand mixture. The flasks were reloaded with equal 
quantities on day 131, and the total biodegradation 
period was 285 days. 

Fic. 3. Effect of loading rates on the biodegradation of hydrocarbon classes. (A) Absolute amount (ma .-., 
of a class removed afer one loading; (B) percentage of a class removed after one loading; (C) absolute amc:i: 
of a class removed after two loadings; (D) percentage of n class removed after two loadings. Lauding.-: x-n 
at 0 and 131 days. The total biodegradation period was 28.5 days. Symbols: EL saturated hydrocarbon.*: » 
aromatic hydrocarbons; k, asphaltic hydrocarbons. 

Source: D i b b l e and B a r t h a , ( 2 ) , page 734, 
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Fic . 4. Effect of reloading on carbon dioxide evo
lution. Increment charge size, expressed as grams of 
hydrocarbon per loading, appears at the right. C 0 2 

evolution was determined at 1- to 10-day intervals as 
dictated by the rate of evolution. Because of their 
dense spacing, the data points were omitted. 

T A B L E 5. Effect of loading frequency on the biodegradation of oil sludge hydrocarbons 

Charge size 
<gl 

No. of load
ings 

*t Biodegradaiion as determined 
by: 

% of the followir tg hydrocarbon classes biodegraded: 
Charge size 

<gl 
No. of load

ings 
CO; evolution 

Residual hydro
carbon 

Saturated Aromatic Asphaltic 

2.0 1 17.9 24.5 17.7 34.8 31.9 

1.0 •7 25.8 33.1 35.1 33.8 24.5 

0.5 4 30.8 45.5 54.0 40.7 22.0 

Source: D i b b l e and B a r t h a , ( 2 ) , page 735, 
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TIME (Do,s) 

Fic. 5. Effect of temperature on CO, evolution of oil sludge-treated soil. All curves uere corrected for COj 
evolution of untreated soil at the respective temperature; the curves represent net COz evolution (1 C02) from 
oil sludge. 

j I 
5 i0 ii 20 25 30 35 « 

FIG. 6. Effect of temperature on hydrocarbon bio
degradation in oil sluage-trealed soil. 

Source: D i b b l e and B a r t h a , ( 2 ) , page 736. 
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3 ) . D i b b l e , J . T . and R„ B a r t h a . " L e a c h i n g A s p e c t s o f O i l 
S l u d g e B i o d e g r a d a t i o n i n S o i l . " S o i l S c i e n c e . 
Volume 127, Number 6. 1979. 

WASTES 

T h e w a s t e u s e d i n t h i s s t u d y c o n s i s t e d o f o i l s l u d g e 

c o l l e c t e d f r o m a w a s t e s t o r a g e p i t a t t h e r e f i n e r y . The 

s o u r c e s o f t h e w a s t e w e r e : o i l / w a t e r s e p a r a t o r s ; s t o r a g e 

t a n k b o t t o m s ; a n d , s m a l l s p i l l s on t h e r e f i n e r y p r o p e r t y . 

T h e s l u d g e w a s a i r d r i e d , a n d p a s s e d t h r o u g h a t h r e e 

m i l l i m e t e r s c r e e n b e f o r e b e i n g s t o r e d a t 4 ° C e l s i u s f o r 

t h e s t u d y p e r i o d . T h e a i r d r i e d s l u d g e c o n t a i n e d 2 4 % 

e x t r a c t a b l e h y d r o c a r b o n s , 72% a s h , a n d 4% w a t e r . T h e 

h y d r o c a r b o n c o m p o s i t i o n w a s f o u n d t o b e 57% s a t u r a t e d 

h y d r o c a r b o n s , 29% a r o m a t i c h y d r o c a r b o n s , a n d 14% a s p h a l t i c 

h y d r o c a r b o n s . 

SOILS 

T h e s o i l u s e d i n t h i s s t u d y was c o l l e c t e d f r o m a p o t e n t i a l 

l a n d f a r m s i t e . T h e s o i l was c o l l e c t e d f r o m a 20 c e n t i m e t e r 
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d e p t h , a n d s c r e e n e d t h r o u g h a 3 m i l l i m e t e r s i e v e . T h e s o i l 

c o n t a i n e d 42% s a n d , 34% s i l t , a n d 24% c l a y . One p a r t o f 

t h i s s o i l w a s m i x e d w i t h n i n e p a r t s o f s a n d t o p r o d u c e 

d r a i n a g e c h a r a c t e r i s t i c s n e c e s s a r y f o r t h i s s t u d y . 

WASTE APPLICATION/DESIGN 

T h i s s t u d y c o n s i s t e d o f l a b o r a t o r y w o r k u t i l i z i n g l e a c h i n g 

c o l u m n s ( l y s i m e t e r s ) . T h e c o l u m n s w e r e s i x c e n t i m e t e r s i n 

d i a m e t e r a n d o v e r 30 c e n t i m e t e r s i n h e i g h t . A 15 c e n t i m e t e r 

d r a i n a g e b e d o f s a n d was p l a c e d i n t h e b o t t o m o f t h e c o l u m n , 

o v e r w h i c h t h e s o i l / s a n d m i x t u r e was p l a c e d . W a s t e s w e r e 

i n c o r p o r a t e d i n t o t h e 1 5 c e n t i m e t e r s o f s o i l / s a n d a t 5 

p e r c e n t o i l b y w e i g h t i n t h e s o i l . A l a r g e a m o u n t o f s a n d 

w i t h a s m a l l s u r f a c e a r e a a n d a l o w c a t i o n e x c h a n g e c a p a c i t y 

c a u s e d t h e s e r e s u l t s t o be c o n s i d e r e d as w o r s t c a s e r e s u l t s . 

V a r i o u s f o r m s o f n i t r o g e n a n d p h o s p h o r u s w e r e a d d e d t o t h e 

c o l u m n s t o i n v e s t i g a t e l e a c h i n g o f t h e n u t r i e n t s f r o m t h e 

s o i l , a s w e l l a s l e a c h i n g o f h y d r o c a r b o n s . T h e f o r m s o f 

n i t r o g e n i n v e s t i g a t e d w e r e : u r e a ; u r e a p a r a f f i n ; a n d , u r e a 

f o r m a l d e h y d e ( s l o w r e l e a s e f e r t i l i z e r ) . T h e f o r m s o f 
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p h o s p h o r u s s t u d i e d w e r e o c t y l p h o s p h a t e a n d t r i p l e 

s u p e r p h o s p h a t e . P o t a s s i u m c h l o r i d e w a s a l s o a d d e d t o t h e 

c o l u m n s s i n c e i t i s a s t a n d a r d i n g r e d i e n t o f a g r i c u l t u r a l 

f e r t i l i z e r f o r m u l a t i o n s . P e r i o d i c a l l y , 2 00 m i l l i l i t e r s o f 

d i s t i l l e d w a t e r w a s p a s s e d t h r o u g h t h e c o l u m n s , c o l l e c t e d , 

a n d f r o z e n u n t i l a n a l y s i s . 

RESULTS 

• A p p r o x i m a t e l y 24 h o u r s w e r e r e q u i r e d t o p a s s t h e 

a d d e d w a t e r t h r o u g h t h e s a m p l e s . F r e q u e n t l y , 90 

t o 95% o f t h e d i s t i l l e d w a t e r p o u r e d o n t o t h e 

c o l u m n s was c o l l e c t e d a s l e a c h a t e . 

• A l l o f t h e n i t r o g e n f e r t i l i z e r f o r m u l a t i o n s 

s t i m u l a t e d o i l b i o d e g r a d a t i o n s . The u r e a p a r a f f i n 

f o r m u l a t i o n p r o d u c e d t h e h i g h e s t o i l d e g r a d a t i o n 

r a t e . 

• N i t r o g e n was p r e s e n t i n s i g n i f i c a n t a m o u n t s i n a l l 

l e a c h a t e s c o l l e c t e d e x c e p t f r o m t h e u r e a 
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f o r m a l d e h y d e f o r m u l a t i o n , a n d f r o m t h e c o n t r o l 

s o i l t h a t r e c e i v e d no f e r t i l i z e r . 

T h e u r e a n i t r o g e n f o r m u l a t i o n l e a c h e d t h e g r e a t e s t 

a m o u n t o f n i t r o g e n f r o m t h e s o i l w a s t e m i x t u r e . 

T h e u r e a p a r a f f i n f o r m u l a t i o n l e a c h e d a n 

i n t e r m e d i a t e a m o u n t o f n i t r o g e n , a n d t h e u r e a 

f o r m a l d e h y d e l e a c h e d t h e s m a l l e s t a m o u n t o f 

n i t r o g e n f r o m t h e s o i l / w a s t e m i x t u r e . T h e 

l e a c h i n g o f n i t r o g e n f r o m t h e s o i l / w a s t e c o l u m n s 

w i t h u r e a f o r m a l d e h y d e w e r e e q u i v a l e n t t o n i t r o g e n 

l e a c h i n g f r o m c o l u m n s w i t h n o f e r t i l i z e r 

a d d i t i o n s . 

N i t r i t e w a s n o t p r e s e n t i n t h e l e a c h a t e o f a n y 

s o i l / w a s t e m i x t u r e , a l t h o u g h i t was p r e s e n t i n t h e 

u r e a c o n t r o l p l o t t h a t had no w a s t e a d d e d . 

N i t r a t e w a s n o t p r e s e n t i n a n y l e a c h a t e i n 

s i g n i f i c a n t a m o u n t s e x c e p t f r o m t h e u r e a c o n t r o l 

c o l u m n t h a t h a d no w a s t e a d d e d . 
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No p h o s p h a t e w a s f o u n d i n a n y l e a c h a t e f r o m a n y 

c o l u m n a t t h e 0 . 2 m i l l i g r a m s p e r l i t e r d e t e c t i o n 

l i m i t . 

L e s s TOC was l e a c h e d f r o m f e r t i l i z e d s o i l / w a s t e 

c o l u m n s t h e n f r o m u n f e r t i l i z e d s o i l / w a s t e c o l u m n s . 

S o l v e n t e x t r a c t i o n s o f t h e s a n d d r a i n a g e b e d 

d e t e c t e d n o o i l f r o m a n y t r e a t m e n t c o l u m n . O i l 

d i d n o t l e a c h b e l o w t h e a r e a o f w a s t e 

i n c o r p o r a t i o n , n o r w a s o i l p r e s e n t i n a n y o f t h e 

l e a c h a t e s c o l l e c t e d . 

W a t e r s o l u b l e o r g a n i c c o m p o u n d s w e r e f o u n d i n 

h i g h e r c o n c e n t r a t i o n s i n t h e l e a c h a t e f r o m s o i l / 

w a s t e c o l u m n s t h a t f r o m t h e l e a c h a t e o f c o n t r o l 

c o l u m n s w i t h n o w a s t e a d d e d . T h e s e o r g a n i c 

c o m p o u n d s w e r e n o t d i f f e r e n t f r o m o r g a n i c 

c o m p o u n d s l e a c h e d f r o m c o n t r o l c o l u m n s r e c e i v i n g 

n o w a s t e . 
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TABLES AND FIGURES 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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T A B L E 1 

Effect of mineral nutrient formulations on oil sludge 
biodegradation" 

Fertilizer formulation % Biodegradation 

Urea plus superphosphate 21 
Urea-paraffin adduct plus oc- 24 

lylphosphatc 
Urea formaldehyde plus su 20 

perphosphate 

Control without fertilizer 10 

" Thirty grams hydrocarbon per 600 g soil (5 percent 
st/wt) incubated for 120 days. 

A m m o n i a E lu t ion 

tion during oil sludge biodegradation. 

Source: D i b b l e and B a r t h a , ( 3 ) , page 367. 
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54-

Day i 

Fic. 3. Effect of nitrogen source on nitrate elution 

during oil sludge biodegradation. 

Effect of nitrogen source on nitrogen elution 

T o t a l m i n e r a l 

Nitrogen source nitrogen eluted, 
' nig" 

Urea 

Urea-paraffin adduct 
Urea formaldehyde-
Urea control without oi! 

sludge 
Oil sludge control without 

fertilizer 

" Eighteen milligrams N supplied by soil mixture; 
150 mg N supplied by fertilizer. Cumulative elution in 
120 days. 

38.6 
29.9 
2.8 

67.1 

2.7 

Source: D i b b l e and B a r t h a , ( 3 ) , page 368. 
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Doyi 

Source: D i b b l e and B a r t h a , ( 3 ) , page 369. 
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4 ) . M e y e r s , J . D . , and Robert L . H u d d l e s t o n . " T r e a t m e n t o f 
O i l y R e f i n e r y W a s t e s b y Landf a r m i n g . " Proceed ings 
o f the 34th I n d u s t r i a l W a s t e C o n f e r e n c e a t P u r d u e 
U n T v e r s i t y . May 8-10, 1979. 

WASTES 

T h e a u t h o r s i n v e s t i g a t e d a n o i l y w a s t e t h a t t h e y f e l t was 

t y p i c a l o f r e f i n e r y o i l y w a s t e s . I t h a d a h i g h o i l c o n t e n t , 

a n d a h i g h m e t a l c o n t e n t . No a n a l y s e s o f t h e w a s t e w e r e 

p r e s e n t e d . 

SOILS 

T h e s o i l t o w h i c h t h e w a s t e w a s a p p l i e d h a d n o p r e v i o u s 

h i s t o r y o f o i l y w a s t e a p p l i c a t i o n . The a u t h o r s r a i s e d t h e 

s o i l p H t o 7 . 5 o r g r e a t e r w i t h a g r i c u l t u r a l l i m e . T h e 

a u t h o r s a l s o a d d e d f e r t i l i z e r s t o t h e s o i l t o i n c r e a s e t h e 

n i t r o g e n a n d p h o s p h o r u s c o n t e n t o f t h e s o i l . T h e s o i l w a s 

c u l t i v a t e d f i v e t i m e s e v e r y t w o m o n t h s w i t h a r o t o t i l l e r 

d u r i n g t h e s t u d y . No d e t a i l e d s o i l a n a l y s e s w e r e a v a i l a b l e . 
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WASTE APPLICATION/DESIGN 

T h i s s t u d y w a s c o n d u c t e d u n d e r f i e l d c o n d i t i o n s . T h e 

a u t h o r s a p p l i e d t h e w a s t e s t o d i f f e r e n t p l o t s , v a r i o u s 

n u m b e r s o f t i m e s . Some p l o t s h a d w a s t e a p p l i e d o n l y o n c e , 

o t h e r s t w i c e , a n d s t i l l o t h e r s h a d w a s t e a p p l i e d t h r e e 

t i m e s . T h e r e s u l t s o f t h e p l o t s h a v i n g w a s t e a p p l i e d t h r e e 

t i m e s w e r e n o t a v a i l a b l e . T h e a u t h o r s a p p l i e d 5 p e r c e n t 

w a s t e o i l by w e i g h t t o t h e s o i l i n e a c h a p p l i c a t i o n . T h e s e 

l e v e l s w e r e c a l c u l a t e d u s i n g t h e t o p e i g h t i n c h e s o f t h e 

s o i l . The w a s t e was s u r f a c e a p p l i e d . 

T h e a u t h o r s i n v e s t i g a t e d t h e e f f e c t s o f p l o t c o v e r a n d w a s t e 

a p p l i c a t i o n on o i l d e g r a d a t i o n r a t e s . T h e t r e a t m e n t p l o t s 

w e r e o p e n o r v e g e t a t e d w i t h e i t h e r b e r m u d a g r a s s o r w h e a t . 

T h e w a s t e l o a d s w e r e l o w , m o d e r a t e , o r h i g h d e p e n d i n g o n t h e 

number o f a p p l i c a t i o n s o f o i l y w a s t e s made t o t h e s o i l . 

RESULTS 

• L o w w a s t e l o a d i n g r a t e s s h o w e d no d e g r a d a t i o n 

r a t e v a r i a t i o n w i t h f e r t i l i z e r l e v e l s , 

t i l l i n g f r e q u e n c y , o r v a r y i n g p l o t c o v e r s . 
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T h e a r o m a t i c a n d p a r a f f i n h y d r o c a r b o n 

f r a c t i o n h a d g r e a t e r p e r c e n t a g e d e g r a d a t i o n s 

t h a n t h e r e s i n a n d a s p h a l t e n e h y d r o c a r b o n 

f r a c t i o n s . 

F i f t y p e r c e n t o f t h e T O C l o s t f r o m t h e o i l 

w a s f o u n d t o b e p r e s e n t i n t h e s o i l b u t no 

l o n g e r a s o i l . T h e o i l d e g r a d a t i o n h a d 

a p p a r e n t l y i n c r e a s e d t h e humus c o n t e n t o f t h e 

s o i l . 

L e a c h i n g a n d v e r t i c a l m i g r a t i o n o f c a d m i u m , 

l e a d , a n d o i l w e r e n o t f o u n d a t 1 0 . 5 i n c h e s 

b e l o w t h e s o i l s u r f a c e . The s u r f a c e l a y e r o f 

t h e s o i l h a d m u c h h i g h e r c o n c e n t r a t i o n s o f 

t h e s e c o n t a m i n a n t s t h a n b a c k g r o u n d s o i l 

l e v e l s . 

P l a n t g r o w t h w a s f o u n d t o b e d i f f i c u l t when 

more t h a n o n e w a s t e a p p l i c a t i o n h a d b e e n m a d e 

t o t h e s o i l . 
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• Some p l o t s e x h i b i t e d a n i n c r e a s e i n t h e r e s i n 

a n d a s p h a l t e n e c o n c e n t r a t i o n g r e a t e r t h a n 

e x p e c t e d d u e t o t h e w a s t e a p p l i c a t i o n . T h i s 

s u g g e s t e d t h a t t h e a r o m a t i c a n d p a r a f f i n 

h y d r o c a r b o n f r a c t i o n s w e r e p a r t i a l l y d e g r a d e d 

t o r e s i n s a n d a s p h a l t e n e s . 

• P l o w i n g a p p e a r e d t o b e a v e r y i m p o r t a n t 

a s p e c t o f t h e l a n d t r e a t m e n t o f o i l y w a s t e s . 

T h e p l o t s t h a t h a d b e r m u d a g r a s s o r w h e a t 

g r o w n o n t h e m s h o w e d m u c h l o w e r d e g r a d a t i o n 

r a t e s t h a n t h e p l o t s t h a t h a d n o c o v e r a n d 

w e r e p l o w e d m o r e f r e q u e n t l y . 

• A f t e r t w e n t y m o n t h s a 2 . 0 2 w e i g h t p e r c e n t 

d e c r e a s e o f t h e o i l i n t h e s o i l was f o u n d . 

T h i s i s e q u i v a l e n t t o d e g r a d a t i o n o f 

a p p r o x i m a t e l y 40% o f t h e o i l a p p l i e d . 

TABLES AND FIGURES 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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Tabic II. Experimental Plot Types 

Plot Status Plot Cover Fertilization Level Plots in 

Control Bermuda Grass Low 3 
Control Tilled Low 3 
Control Wheat Low 3 
Waste Bermuda Grass Low 3 
Waste Bermuda Grass High 3 
Waste Tilled Low 3 
Waste Tilled • High 3 
Waste Wheat Low 3 
Waste Wheat High 3 

"A" I " B" 1 "c" I 

I 1 I 
Figure 1. Waste application scheme. 

SECOND AfPLlCflT.on - I V 7 

Source: Meyers and Hud d l e s t o n , ( 4 ) , page 6 
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Table III. Analytical Determinations for Plow-Zone Samples 

Routine 

Moisture Content Total Organic Carbon (TOC) 
pH Extractable Hydrocarbon (Oil) 
Conductivity Paraffin, Aromatic, and Resin 

and Asphaltic Fractions 

Intermittent 

Selected Metals Water Holding Capacity 

Nitrate Nitrogen 
Ammonia Nitrogen 
Orthophosphate 

Table IV. Selected Parameters Used for Field Leaching/Migration Analysis 

Total Organic Carbon Calcium Lead Nickel 
Extractable Hydrocarbon Chromium Magnesium Sodium 
Barium Copper Mercury Zinc 
Cadmium 

Source: Meyers and Hu d d l e s t o n , 
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Figure 2. Distribution/degradation curvei fo» 
extractable hydrocarbon and fraction!- c 
initial waste application. 

Source: Meyers and Huddl e s t o n , ( 4 ) , page 690. 
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Table V. Landfarm Oil Loss Summary: Moderate Waste Loi 

Average % 
Degradation 

Wheat and 
Burmuda Cover 

Tilled 
(No Covet) 

Average Tons/Acre 
Degraded 

Wheat and Tilled 
Burmuda Covet (No Cover) 

Overall 25-Month Period 
Oil 
Paraffins 
Aromatics 
Resins and AsphaJtenes 

First 15 Months of Exposure 
(5-wt % Oil Addition Only) 

Oil 
Paraffins 
Aromatics 
Resins and Asphaltenes 

Remaining 10 Months of Exposure 
(After Second 5-wt % Application Made) 

Oil 
Paraffins 
Aromatics 
Resins and Asphaltenes 

30 
44 
29 
12 

36 
48 
30 
18 

27 
42 
29 

9 

43 
50 
44 
30 

36 
48 
30 
18 

47 
52 
50 
36 

56 
36 
14 
6 

22 
15 
4 
3 

34 
21 
10 

3 

81 
42 
22 
17 

22 
15 

59 
27 
18 
14 

Table VI. Landfarm Oil Loss Summary: Low Waste Loading 

Months of Waste Exposure 

6 12 18 25 
(Avg. % Degradation) Fraction 

Ofl 17 
Paraffins 27 
Aromatics 21 
Resins and Asphaltenes - 7' 

22 49 58 
34 58 71 
25 47 58 
0 35 . 37 

6 12 18 25 
(Avg. Tons/Acre Degraded) 

10 14 31 37 
8 11 18 22 
3 3 7 8 

- l a 0 6 . 7 

*An increase at six months over the amount added. 

Source: Meyers and H u d d l e s t o n , ( 4 ) , page 691. 
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Figure 3. Field leaching analysis: time since application (reapplication). 

Source: Meyers and Hu d d l e s t o n , ( 4 ) , page 692. 
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5 ) . D e u e l , L . E . , a n d K . W. Brown. "Environmenta l Impact 
o f L a n d C u l t i v a t i o n w i t h I n d u s t r i a l W a s t e s . " 
D i s p o s a l o f I n d u s t r i a l a n d O i l y S l u d g e s by Land 
C u l t i v a t i o n . R e s o u r c e S y s t e m s a n d M a n a g e m e n t 
A s s o c i a t i o n . N o r t h f i e l d , New J e r s e y . 1980. 

PURPOSE 

T h i s a r t i c l e r e l a t e d some o f t h e p r o b l e m s , s h o r t c o m i n g s , a n d 

c o n c e r n s o f l a n d t r e a t m e n t o f a l l i n d u s t r i a l w a s t e s . 

RESULTS 

S o i l s h a v e a s u b s t a n t i a l c a p a c i t y t o a b s o r b 

g a s e o u s a t m o s p h e r i c p o l l u t a n t s , b u t t h i s a b i l i t y 

v a r i e s s i g n i f i c a n t l y w i t h s o i l t y p e s . 

I n c o r p o r a t i o n o f o i l y w a s t e s i n t o s o i l w i l l 

s i g n i f i c a n t l y r e d u c e o r e l i m i n a t e r e l e a s e o f 

a t m o s p h e r i c p o l l u t a n t s d u e t o t h e a d s o r p t i o n o f 

p o l l u t a n t s t o s o i l . F u r t h e r , o n c e o i l y w a s t e s 

h a v e b e e n i n c o r p o r a t e d i n t o t h e s o i l , a l l 

a t m o s p h e r i c l o s s e s m u s t f i r s t d i f f u s e t h r o u g h t h e 
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s o i l a n d t h i s g i v e s i n c r e a s e d c o n t a c t t i m e w i t h 

t h e s o i l f o r b i o l o g i c a l d e g r a d a t i o n . 

F o u l o d o r s f r o m l a n d t r e a t m e n t s y s t e m s a r e 

a s s o c i a t e d w i t h o v e r l o a d i n g t h e s o i l , w h i c h 

p r o d u c e s a n a e r o b i c , a n d r e d u c i n g , c o n d i t i o n s . 

M e t a l s a r e m o r e m o b i l e u n d e r r e d u c i n g c o n d i t i o n s , 

a n d m e t a l o r g a n i c c o m p l e x e s m a y be m o r e s o l u b l e 

a n d m o b i l e t h a n i o n i c m e t a l s . 

N e g a t i v e l y c h a r g e d c l a y s r e p e l a n i o n s , a n d may 

c a u s e a n i o n b r e a k t h r o u g h b e f o r e w e t t i n g f r o n t 

b r e a k t h r o u g h . 

L o a d i n g r a t e s o f w a s t e s t o s o i l a r e p r o b a b l y t h e 

m o s t i m p o r t a n t p a r a m e t e r f o r s u c c e s s f u l o p e r a t i o n 

o f l a n d t r e a t m e n t s y s t e m s . 
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TABLES AND FIGURES 

T h i s a r t i c l e was r e v i e w e d o n m i c r o f i c h e a n d , t h e r e f o r e , n o 

T a b l e s o r F i g u r e s a r e i n c l u d e d i n t h i s s u m m a r y . 
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6 ) . R a y m o n d , R . L . , J . 0 . H u d s o n , a n d B . W. J a m i s o n . 
" A s s i m i l a t i o n o f O i l by S o i l B a c t e r i a . " P i s p o s a l 
o f I n d u s t r i a l a n d O i l y S l u d g e s b y L a n d 
C u l t i v a t i o n . R e s o u r c e S y s t e m s a n d M a n a g e m e n t 
A s s o c i a t i o n . North F i e l d , New J e r s e y . 1980. 

WASTES 

T h e w a s t e s i n v e s t i g a t e d i n t h i s s t u d y w e r e : u s e d c r a n k c a s e 

o i l f r o m c a r s ; u s e d c r a n k c a s e o i l f r o m d i e s e l t r u c k s ; 

A r a b i a n h e a v y c r u d e o i l ; g u l f c o a s t m i x e d c r u d e o i l ; home 

h e a t i n g o i l ( N o . 2 f u e l o i l ) ; a n d , r e s i d u a l f u e l o i l ( N o . 6 

f u e l o i l ) . 

SOILS 

T h i s s t u d y i n c l u d e d t h r e e d i f f e r e n t s i t e s , h o w e v e r , no s o i l 

d a t a was p r e s e n t e d . The d i f f e r e n t s i t e s w e r e l o c a t e d i n : 

C o r p u s C h r i s t i , T e x a s ; M a r c u s H o o k , P e n n s y l v a n i a ; a n d T u l s a , 

O k l a h o m a . F e r t i l i z e r s w e r e a d d e d t o t h e s o i l a t a l l o f t h e 

s i t e s . T h e s i t e s w e r e t i l l e d o n c e a m o n t h f o r t h e f i r s t 

t h r e e m o n t h s o f t h e s t u d y a n d o n c e e v e r y t h r e e m o n t h s f o r 

t h e r e m a i n i n g n i n e m o n t h s o f t h e s t u d y . 
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WASTE APPLICATION/DESIGN 

A l l w o r k c o n s i s t e d o f f i e l d s t u d i e s . T h e w a s t e a p p l i c a t i o n 

r a t e s v a r i e d w i t h e a c h w a s t e ; h o w e v e r , a l l o f t h e r a t e s w e r e 

f r o m 1 . 6 t o 3 . 4 p e r c e n t o i l by w e i g h t i n t h e t o p s i x i n c h e s 

o f t h e s o i l . A l l o f t h e s i t e s w e r e f e r t i l i z e d t o t h e s a m e 

c a r b o n , n i t r o g e n , a n d p h o s p h o r u s r a t i o s . A l l o f t h e w a s t e s 

w e r e s u r f a c e a p p l i e d t o t h e s o i l . 

T h e a u t h o r s s t u d i e d : d i f f e r e n c e s i n d e g r a d a t i o n r a t e s 

e x h i b i t e d by t h e d i f f e r e n t w a s t e s ; c o n t a m i n a t i o n p r e s e n t i n 

t h e l e a c h a t e f r o m e a c h s i t e ; c o n t a m i n a t i o n p r e s e n t i n t h e 

r u n o f f f r o m e a c h s i t e ; a n d , d i f f e r e n c e s t h a t g e o g r a p h i c a l 

l o c a t i o n s h a d on d e g r a d a t i o n r a t e s . 

RESULTS 

• T h e a u t h o r s f o u n d t h a t a d d i t i o n o f a n y o f t h e 

w a s t e s t o t h e s o i l i n c r e a s e d t h e t o t a l n u m b e r 

o f m i c r o b e s p r e s e n t i n a n y o f t h e s o i l s , as 

w e l l a s i n c r e a s i n g t h e n u m b e r s o f h y d r o c a r b o n 

u t i l i z i n g b a c t e r i a . 
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A l l o f t h e o i l s w e r e f o u n d t o b e d e g r a d a b l e 

i n s o i l . No m a j o r d i f f e r e n c e s i n d e g r a d a t i o n 

r a t e s w e r e f o u n d f o r t h e w a s t e s s t u d i e d . 

L e a c h a t e w a s c o l l e c t e d a t o n l y o n e s i t e ; 

M a r c u s H o o k , P e n n s y l v a n i a . The l e a c h a t e h a d 

a c i d i c o r g a n i c w a t e r s o l u b l e c o m p o u n d s 

p r e s e n t o n e f o o t b e l o w t h e s o i l s u r f a c e . No 

o i l o r m e t a l s w e r e p r e s e n t i n t h e l e a c h a t e . 

R u n o f f w a s c o l l e c t e d a t M a r c u s H o o k , 

P e n n s y l v a n i a a n d T u l s a , O k l a h o m a . N o o i l 

c o n t a m i n a t i o n was p r e s e n t i n t h e r u n o f f . 

R e l a t i v e l y m i n o r d i f f e r e n c e s w e r e f o u n d i n 

t h e d e g r a d a t i o n r a t e s o f t h e d i f f e r e n t o i l s 

a t t h e d i f f e r e n t g e o g r a p h i c a l s i t e s . 

D e g r a d a t i o n r a t e s o f t h e d i f f e r e n t w a s t e s 

w e r e : a ) c r a n k c a s e o i l s , 6 7 . 9 % o f t h e 

a p p l i e d o i l d e g r a d e d i n o n e y e a r , b ) c r u d e 
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o i l , 61 .9% o f t h e a p p l i e d o i l s w e r e d e g r a d e d 

i n o n e y e a r , c ) h o m e h e a t i n g o i l ( N o . 2 f u e l 

o i l ) , 8 7 . 3 % o f t h e a p p l i e d o i l w a s d e g r a d e d 

i n o n e y e a r , a n d d ) r e s i d e n t i a l f u e l o i l s 

( N o . 6 f u e l o i l ) , 5 7 . 8 % o f t h e a p p l i e d o i l 

was d e g r a d e d i n one y e a r . 

TABLES AND FIGURES 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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TABLE 1 

PROPERTIES OF OILS 

USED IN BIODEGRADATION STUDY 

Arabian 
Heavy 

Crude Oil 

Gulf Coast 
Mix Crude 

Oil 

Home Heating 
Fuel Oil 

(#2) 

Residual 
Fuel Oil 

(#6) 

Gravity, API/60°F 27.4 23.6 35.0 16.0 

Vis., SUS/77°F 164.0 324.0 

Vis., SUS/100°F 103.0 161.0 

Vis.,KV/100°Fcs 2.4 

Vis., SFS/122°F 160.0 

Flash-PM, °F <40.0 88.0 140.0 200.0 

Pour Point, °F +10.0 <-50.0 

TABLE 2 

-20 .0 +55.0 

CHARACTERIZATION OF OILS 

APPLIED TO EXPERIMENTAL PLOTS 

TYPE OF OIL 

Silica Gel 
Fraction Crankcase 

Heavy 
Arabian 

Coastal 
Mix #2 #6 

Paraffinic 70.5* 45.8 53.6 52.0 37.1 

Cycloparaffinic 9.5 13.3 9.7 3.2 11.2 

Aromatic 8.6 26.4 22.8 34.7 35.0 

NSO 11.3 14.4 13.8 10.1 16.7 

Sulfur 0.3 3.01 0.38 .15 .66 

* per cent 

Source: Raymond, et a l , 
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TABLE 3 

METALS IN OILS 

(ppm) 

Used Used Arabian 
Crankcase Crankcase Heavy Gulf Coast 
Oil (car) Oil (truck) Crude Crude #6 Oil 

CA 700 780 - 21 17 

BA 480 36 - - -
P 1400 1350 - - -
ZN 1500 1300 21 17 12 

MG 1600 1100 - — 21 

B 10 - - - -
A L 22 10 - — — 

NI - - 23 2 13 

PB 7500 75 — - — 

SN 5 3 - - 3 

CU 17 18 - - -
FE 260 180 3 5 18 

CR 21 3 - - 1 

AG - - - - — 

SI 18 8 - - — 

NA 51 39 - 9 27 

MO 10 4 - — -
V - - 65 - 38 

MN 3 — _ _ 2 

Source: Raymond, et a l , ( 6 ) , page 59. 
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TABLE 4 

PERCENTAGE REDUCTION IN OIL 

CONCENTRATION AFTER ONE YEAR 

LOCATION OF FIELD SITES 

Marcus Hook, Tulsa, Corpus Christi, 
Type of Oil Pa. Okla. Texas Average 

Used Crankcase oils 69.2 73.8 60.8 67.9 

Crude oils 54.2 77.5 54.2 61.9 

Home heating oil 86.0 90.0 86.0 87.3 
(#2) 

Residual oil 48.5 65.5 59.4 57.8 

(#6) 

Source : Raymond, et a l , ( 6 ) , page 60. 



TABLE 5 

OIL IN RUN-OFF WATER 

FROM CONTROL AND OIL-TREATED SOIL PLOTS 

MARCUS HOOK, PA. 

Dates- 12/73 3/74 4/74 5/74 9/74 11/74 

Soil Plot 

Control #1 4.3* 2.8 0.6 3.7 1.7 2.4 

* * 
CC 

_ 1.9 0.5 3.6 1.3 1.7 

CC + F 7.8 3.1 1.6 1.8 2.5 2.1 

DC 0.9 1.6 1.7 1.3 2.0 

DC + F 5.9 2.7 1.4 2.5 1.6 1.4 

HAC — 1.5 1.6 1.9 1.6 1.2 

HAC + F 6.8 3.5 2.4 2.7 3.0 1.3 

CLC — 2.6 1.8 3.1 4.0 1.9 

CLC+F 3.9 2.4 1.8 3.1 3.1 1.4 

#2 _ 1.7 1.1 5.4 1.2 2.3 

#2 + F 6.6 3.5 1.6 2.8 1.1 1.7 

#6 — 1.8 1.4 3.3 2.3 1.6 
#6 + F 3.0 6.4 2.5 3.5 2.4 1.5 

Control #2 4.3 2.0 2.1 3.3 2.8 1.8 

* Values in ppm 

* * CC - car crankcase oil; CC + F - with fertilizer; DC- diesel truck crankcase oil; 

HAC - Arabian heavy crude oil; CLS - coastal oil; #2 - home heating oil (#2); 

#6 - residual oil (#6). 

Source: Raymond, et a l , ( 6 ) , page 61. 
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TABLE 6 

OIL IN LEACHATE WATER FROM CONTROL 

AND OIL-TREATED SOIL PLOTS 

MARCUS HOOK, PA. 

Dates- 3/74 4/74 5/74 9/74 11/74 

Soil Plot 

Control #1 1.8 4.0 — 4.5 7.3 

# 

CC 5.4 1.9 — 5.0 8.0 

CC+ F - - - - -
DC 3.7 6.0 8.4 5.8 7.4 

DE + F 2.7 3.6 7.5 10.1 14.7 

HAC 3.2 5.1 6.8 14.0 7.0 
HAC + F - - - - -
CLC _ — — 

CLC + F 2.4 8.9 18.2 15.9 3.7 

#2 4.1 7.5 8.6 11.3 6.6 

#2+ F 4.9 5.9 36.0 3.9 3.9 

#6 2.9 4.9 7.1 3.9 3.9 
#6 + F 3.2 2.4 8.7 40.0 17.7 

Control #2 3.3 2.2 21.0 4.1 3.6 

» 

See Table 5 

Source: Raymond, et a l , ( 6 ) , page 62. 
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TABLE 7 

ETHER EXTRACTABLES IN LEACHATE WATER 

FROM CONTROL AND OIL-TREATED SOIL PLOTS 

MARCUS HOOK, PA. 

Dates — 3/74 4/74 5/74 9/74 11/74 

Soil Plot 

Control #1 36.5 13.0 - 10.0 153.0 

* 
CC 30.5 26.6 — 61.0 164.0 
CC + F - - - - -
DC 50.2 23.0 37.5 58.5 172.0 
DC + F 73.0 21.5 95.5 180.0 351.5 

HAC 32.0 26.5 28.5 126.5 282.0 

HAC + F - - - - -
CLC — — 

CLC + F 53.0 73.2 149.5 251.5 1339.0 

#2 55.0 70.5 104.5 154.5 2019.5 

#2 + F 32.0 87.0 34.0 107.0 1336.0 

#6 18.5 23.0 36.0 105.5 49.5 
#6 + F 42.0 53.0 82.0 121.0 201.0 

Control #2 12.0 12.5 23.3 95.0 148.5 

See Table 5 

Source: Raymond, et a l , ( 6 ) , page 63. 

55 



TABLE 8 

DISTRIBUTION OF LEAD IN SOIL PLOTS 

FOLLOWING APPLICATION OF USED CRANKCASE OILS 

MARCUS HOOK, PA. 

Date Recovered Oil Soil Leachate 

Car Truck Control Car Truck Control Car Truck 

11/73 
* 

90 0 34 448 31 

3/74 33 7 125 325 53 0.2 0.2 0.2 

4/74 0 0 100 221 50 0.2 0.0 0.0 

5/74 0 0 190 320 110 0.0 0.0 0.0 

9/74 7 2 135 295 52 0.2 0.4 1.4 

11/74 102 100 100 275 55 0.6 0.0 0.3 

* 
Values in ppm 

DISTRIBUTION 

TABLE 9 

OF LEAD IN SOIL PLOTS 
FOLLOWING APPLICATION OF USED CRANKCASE OILS 

TULSA, OKLAHOMA 

Date Recovered Oil Soil Run-Off Water Date 

Car Truck Control Car Truck Control Car Truck 

12/73 495* 160 14 198 9 

1/74 580 <10 20 128 6 0.3 0.2 0.1 

2/74 586 40 25 338 5 

3/74 493 24 9 313 23 

6/74 676 <10 50 155 10 

9/74 - - 50 162 35 0.8 1.2 0.3 

12/74 525 49 27 147 8 0.03 0.03 0.03 

values in ppm 

Source: Raymond, et a l , ( 6 ) , page 64. 
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TABLE 10 

DISTRIBUTION OF LEAD IN SOIL PLOTS 

FOLLOWING APPLICATION OF USED CRANKCASE OILS 

CORPUS CHRISTI. TEXAS 

Date 

Recovered Oil Soil 

Date Car Truck Control Car Truck 

12/73 600* 43 2 325 47 

1/74 830 35 25 280 63 

2/74 480 98 55 288 90 

4/74 12 0 25 62 62 

6/74 23 16 45 110 130 

10/74 0 4 50 215 70 

12/74 41 12 21 268 63 

values in ppm 

TABLE 11 

CONCENTRATION OF LEAD IN SOIL 

AT VARIOUS DEPTHS 

MARCUS HOOK (2/21/75) 

Depth in Inches Control Plot Used Crankcase Oil & Fertilizer Plot 

0-4 

4 - 8 

8- 12 

108 

108 

69 

Ppm 

247 

94 

42 

Source: Raymond, et a l , ( 6 ) , page 65. 
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FIGURE 7 

Numbers of hexadecane-utilizing microorganisms and residual oil concentrations 

in Marcus Hook, Pa. experimental plots. Numbers in control plots _ . 

Numbers in treated plots . Oil concentration The 

values are averages of both unfertilized and fertilized plots. 

Source: Raymond, et a l , ( 6 ) , page 70. 

58 



USED CRANKCASE OILS 
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Numbers of hexadecane-utilizing microorganisms and residual oil concentration 

in Tulsa, Okla. experimental plots. See Figure 7 for explanation of symbols. 

Source: Raymond, et a l , ( 6 ) , page 71. 



U S E D C R A N K C A S E O I L S 

8 

7 

6 

5 

4 

3 

2 

I 

0 

8 

7 1 

6 

5 

4 

3 I 

2l 

I 

N 

II; Ii: ll 

CRUDE OILS 

"! " 
H O M E H E A T I N G O I L (#2) RESIDUAL OIL (#6) 

12 12 

M O N T H S 

FIGURE 9 

Numbers of hexadecane-utilizing microorganisms and residual oil concentration 
in Corpus Christi, Tex. experimental plots. See Figure 7 for explanation of 
symbols. 

Source: Raymond, et a l , ( 6 ) , page 72. 
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FIGURE 10 

Numbers of oilrutilizing microorganisms and residual oil concentration In 

Marcus Hook Pa. experimental plots. See Figure 7 for explanation of symbols. 

Source: Raymond, e t a l , ( 6 ) , page 7 3 . 
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FIGURE 11 

Numbers of oil-utilizing microorganisms and residual oil concentration in Tulsa, 

Okla., experimental plots. See Figure 7 for explanation of symbols. 

Source: Raymond, et a l , 
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FIGURE 12 

Numbers of oil-utilizing microorganisms and residual oil concentration in 

Corpus Christi, Texas experimental plots. See Figure 7 for explanation of 

symbols. 

Source: Raymond, et a l , 
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7 ) . N o r r i s , D. J . "Land S p r e a d i n g o f O i l y a n d B i o l o g i c a l 
S l u d g e s i n C a n a d a . " P r o c e e d i n g s o f t h e 3 5 t h 
I n d u s t r i a l Waste C o n f e r e n c e a t P u r d u e U n i v e r s i t y . 
May 13-15, 1980. 

WASTES 

T h e w a s t e i n v e s t i g a t e d i n t h i s s t u d y w a s a m i x t u r e o f 

p e t r o l e u m r e f i n i n g o i l y w a s t e s , c o n s i s t i n g o f a n o i l y s l u d g e 

a n d a w a s t e a c t i v a t e d s l u d g e . The o i l y s l u d g e c o n s i s t e d o f 

a m i x t u r e o f f i l t e r b a c k w a s h , D A F f r o t h , A P I s e p a r a t o r 

s l u d g e a n d t a n k c l e a n i n g s . 

SOILS 

T h e l a n d t o w h i c h t h e s e w a s t e s w e r e a p p l i e d c o n s i s t e d o f t w o 

f l a t c l a y s i t e s a n d one s i t e w i t h a s l o p e d , f i n e s i l t s o i l . 

A l l o f t h e s i t e s w e r e i n C a n a d a . T h e s i t e s w e r e n e a r t h e 

c i t i e s o f S a r n i a , M o n t r e a l , a n d D a r t m o u t h . A l l o f t h e s o i l s 

w e r e f e r t i l i z e d a n d c u l t i v a t e d b i - w e e k l y o r m o n t h l y 

d e p e n d i n g o n t h e s o i l c o n d i t i o n s . 
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WASTE APPLICATION/DESIGN 

A l l w o r k c o n s i s t e d o f f i e l d w o r k . T h e w a s t e a p p l i c a t i o n 

r a t e s v a r i e d d e p e n d i n g o n t h e d e g r a d a t i o n o f t h e w a s t e s , 

h o w e v e r , t h e w a s t e l o a d i n g n e v e r e x c e e d e d 10% o i l b y w e i g h t 

i n t h e t o p s i x i n c h e s o f t h e s o i l . A l l o f t h e w a s t e s w e r e 

s u r f a c e a p p l i e d t o t h e s o i l . 

T h e s t u d y w a s i n i t i a t e d t o d e t e r m i n e i f s i g n i f i c a n t 

d i f f e r e n c e s i n d e g r a d a t i o n r a t e s o c c u r r e d a t t h e d i f f e r e n t 

s i t e s , a n d w h e t h e r o r n o t w a s t e m i g r a t i o n was t a k i n g p l a c e . 

RESULTS 

• T h e w a s t e d e g r a d e d a t a r a t e o f a b o u t 230 

c u b i c m e t e r s o f o i l ^ p e r h e c t a r e p e r y e a r . 

• F e w m a j o r d i f f e r e n c e s w e r e f o u n d i n 

d e g r a d a t i o n r a t e s b e t w e e n t h e s i t e s . 

• No c o n t a m i n a t i o n o f t h e g r o u n d w a t e r w i t h 

o i l s o r p h e n o l s w e r e f o u n d a t a n y s i t e s 

s t u d i e d . 

65 



• T h e r e was a s l i g h t i n c r e a s e i n o i l c o n t e n t o f 

t h e s o i l o n e f o o t b e l o w t h e s o i l s u r f a c e a t 

t h e S a r n i a s i t e (a c l a y s o i l s i t e ) . N o o i l 

i n c r e a s e s w e r e f o u n d i n t h e s o i l b e l o w t h e 

o t h e r s i t e s . 

TABLES AND FIGURES 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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Table I. Sludge Characteristics 

Oily Sludge3 Waste Activated Sludge 

Oil Content (wt%) 1-30 <0.01 
Solids Content (wt%) 1-20 1-10 
Water Content (wt%) 50-98 90-99 
Trace Metals (mg/kg solids) 1-10,000° l-10,000b 

aPrimarily from fine oil removal (filter backwash, DAF froth, etc.), separator cleanings and tank clean
ings. 

^Depending on the metal. Aluminum and zinc are among the highest, cadmium and molybdenum are 
among the lowest. 

u r c e : N o r r i s , ( 7 ) , page 10. 
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Tabic I!. Site Characteristics 

Sainia Montteal Dartmouth 

Climate 
Frost-Free Days 235 213 237 
Rainfall, May-Oct (cm) 45 50 60 
Rain Free Days, May-Oct 130 115 123 

Topography Flat Flat 6-S% Slope 
Soil Type Clay Clay sat 
Permeability (cm/s) <10"8 3x10"" 10"s-10"8 

CEC(meq/100g) 30 15-30 4 

PH 7-7.5 7-7.5 4.5-5 
Depth to Bedrock (m) >15 1.5-7.5 >30 
Depth to Groundwater (m) M 5 <1 1-2 

Source: N o r r i s , ( 7 ) , page 11. 
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Tabic HI. Site Preparations 

Sarnia Montreal Dartmouth 

Drainage Tiles Tank Removal Tree Removal 
Roadways/Dikes Drainage System Rock Removal 
Clay-Lined Storage Basins Contouring Contouring 
Monitoring Wells Topsoil Addition Dikes 

Monitoring Wells Monitoring Wells 
Storage Tank Modifications Concrete Storage Basin 

Soil pH Adjustment 

Source: M o r r i s , ( 7 ) , page 12 
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Table IV. Parameters Monitored 

Surface and Subsurface Soil 

Oil Content 
PH 
Trace Metals 
Total Nitrogen and Phosphorous 

Source: M o r r i s ( 7 ) , page 13. 

Groundwater 

Oil 
Total Organic Carbon 
Phenol 
Polyaromatic Hydrocarbons 
Trace Metals 
Nitrate, Ammonia, Phosphate 
Chloride, Sulfate, Conductivity 
Total Inorganic Carbon 
PH 
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Figure 1. Oil content of soil at Sarnia land-
spreading site. 

Source: N o r r i s , ( 7 ) , page 14. 
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Figure 2. Oil and trace metals at Dartmouth 
landspreading site. 

•WL MK SIP OCT MV _ DEC 

Table V. Groundwater Quality at Sarnia 

Oil (ppm) Phenol (ppb) Nittate-N (DDm) 
Avg Ranee Avg Ranee Ave RanEe 

Before Spreading 0.9 <0.1-3.8 11 <2-20 1.2 <0.05- 3.0 
After Spreading 

Shallow Wells 0.5 <0.1-2.5 5 <2-15 3.8 < 0.05-10 
Deep Well 0.3 <0.1-1.3 6 <2-16 1.3 <0.05- 5.5 

Source: N o r r i s , ( 7 ) , page 15. 
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8 ) . W e l d o n , R . A . " A t m o s p h e r i c E m i s s i o n s f r o m O i l Waste 
L a n d s p r e a d i n g . " E n v i r o n m e n t a l A f f a i r s D e p a r t m e n t , 
Amer ican Pe tro l eum I n s t i t u t e . A p r i l , 1980. 

WASTES 

T h e p e t r o l e u m r e f i n i n g w a s t e s i n v e s t i g a t e d i n t h i s s t u d y 

w e r e A P I s e p a r a t o r s l u d g e a n d a c e n t r i f u g e d e w a t e r i n g s l u d g e 

c o n t a i n i n g o i l y s l u d g e f r o m r e f i n e r y o p e r a t i o n s . The t y p e s 

o f c o m p o n e n t s i n t h e o i l y s l u d g e w e r e : w a s t e w a t e r t r e a t m e n t 

s l u d g e ; A P I s e p a r a t o r s l u d g e ; a n d o t h e r s l u d g e s f r o m t h e 

r e f i n e r y o p e r a t i o n s . 

SOILS 

T h e s o i l s t o w h i c h t h e s e w a s t e s w e r e a p p l i e d w e r e n o t 

a n a l y z e d . W a s t e s w e r e a p p l i e d t o r e l a t i v e l y s m a l l a r e a s a n d 

t h e s o i l s w e r e c o n s i d e r e d t o b e s i m i l a r . T h e s o i l h a d a 

h i s t o r y o f o i l y w a s t e l a n d f a r m i n g . T h e r e was a p p r o x i m a t e l y 

a 3 . 2 p e r c e n t o i l f r a c t i o n b y w e i g h t i n t h e s o i l a t t h e 

b e g i n n i n g o f t h e s t u d y . 
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WASTE APPLICATION/DESIGN 

A l l w a s t e s a n d c o n d i t i o n s w e r e i n v e s t i g a t e d i n f i e l d t e s t s . 

T h e A P I s e p a r a t o r s l u d g e w a s a p p l i e d t o t w o p l o t s i n o n e 

a p p l i c a t i o n . T h e c e n t r i f u g e s l u d g e was a p p l i e d t o o n l y o n e 

p l o t i n o n e a p p l i c a t i o n . A n a d d i t i o n a l 0 . 7 p e r c e n t o i l b y 

w e i g h t o f t h e A P I s e p a r a t o r s l u d g e a n d 1 .3 p e r c e n t o i l b y 

w e i g h t o f t h e c e n t r i f u g e s l u d g e w e r e a d d e d t o t h e 

e x p e r i m e n t a l p l o t s . A l l o f t h e w a s t e s w e r e s u r f a c e a p p l i e d . 

T h e v a r i a b l e s e f f e c t i n g v o l a t i l e e m i s s i o n s i n v e s t i g a t e d 

w e r e : d i f f e r e n t w a s t e s ; t e m p e r a t u r e v a r i a t i o n s ; a n d , 

d i f f e r e n c e s due t o t i l l i n g o f t h e s o i l . 

RESULTS 

• Up t o a p p r o x i m a t e l y 1 4 p e r c e n t o f t h e A P I 

s e p a r a t o r s l u d g e o i l s a p p l i e d t o t h e s o i l 

v o l a t i l i z e d i n t h e f i r s t 30 d a y s a f t e r w a s t e 

a p p l i c a t i o n . 
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• A p p r o x i m a t e l y 5 . 2 p e r c e n t o f t h e c e n t r i f u g e s l u d g e 

o i l s a p p l i e d t o t h e s o i l v o l a t i l i z e d i n t h e f i r s t 

1 3 d a y s a f t e r w a s t e a p p l i c a t i o n . 

• A p o s i t i v e c o r r e l a t i o n w a s f o u n d f o r e a c h w a s t e / 

s o i l m i x t u r e b e t w e e n t e m p e r a t u r e a n d e m i s s i o n s o f 

v o l a t i l e o r g a n i c s . 

• P o s i t i v e c o r r e l a t i o n s w e r e f o u n d b e t w e e n t i l l i n g 

o f t h e w a s t e s / s o i l m i x t u r e a n d c o n c e n t r a t i o n s o f 

h y d r o c a r b o n s i n t h e e m i s s i o n s . T h e a u t h o r f e l t 

t h a t t h e t o t a l h y d r o c a r b o n s e m i t t e d w e r e 

a p p r o x i m a t e l y t h e same w h e t h e r o r n o t t i l l i n g t o o k 

p l a c e . 

• H y d r o c a r b o n e m i s s i o n c o n c e n t r a t i o n p e a k s o c c u r r e d 

w h e n t h e w a s t e w a s i n i t i a l l y a p p l i e d t o t h e s o i l 

a n d when t h e s o i l / w a s t e m i x t u r e was t i l l e d . 

TABLES AND FIGURES 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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TABLE 1 

WASTE APPLICATIONS DURING API CREC 6.28 STUDY 

PLOT 
TOTAL 

APPLICATIONS 
LAST 

APPLICATION 

TOTAL 
SLUDGE 
APPLIED 
BBLS/ACRE 

TOTAL OIL 
IN SLUDGE 
APPLIED 
BBLS/ACRE 

DEPTH OF 
INCORPORATION 

INCHES 

FINAL OIL 
CONCENTRATION 
IN THE SOIL ON 
12/4/78, WT. % 

13 11/10/78 11,000 1,650 4.3 

14 11/14/78 13,000 . 1,550 8 3.0 

Source: Weldon,(8), page 10. 



TABLE 2 

OILY WASTE CHARACTERISTICS 

API 
SEPARATOR 

SLUDGE 
CENTRIFUGE 

SLUDGE 

Hydrocarbon F r a c t i o n , Wt. % 
'Water F r a c t i o n , Wt. % 
S o l i d s F r a c t i o n , Wt, % 

5.2 
85 .2 

9.6 
100.0 

8.1 
72 .1 
19.8 

100.0 

F l a s h P o i n t ( S e t a f l a s h t e s t e r ) <140°F None 
F l a s h P o i n t ( S e t a f l a s h t e s t e r ) >140°F (1) 

None 
(1) 

S i m u l a t e d D i s t i l l a t i o n o f 
Hydrocarbon F r a c t i o n , ° F 

IBP 230.7 228.7 
5 V o l . % 321.7 332.3 
10 368.3 362 .3 
15 405.4 398 .5 
20 443.8 432.6 
25 480 .0 444.4 
30 485.9 478 .0 
35 506 .1 489 .7 
40 516.8 509 .0 
45 544.7 519 .0 
50 560 .1 534.6 
55 583.9 551 .7 
60 612.3 562 .0 
65 637.0 586.5 
70 645.7 609 .1 
75 677.5 632.7 
80 711.5 653.4 

85 749.8 685 .1 
90 803.9 731.4 
95 883.4 814 .2 
FBP 1087.1 1026.2 

(1) Water vapor r e l e a s e d f rom sample e x t i n g u i s h e d f l a m e . 

Source: Weldon, ( 8 ) , page 11. 
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TABLE 3 

ATMOSPHERIC VOC EMISSIONS FROM LANDFARHINC OILY WASTES 

Test 
No. 

1979 
Date 

Length 
Of 
Run, 
Days 

PHASE I I : CENTRIFUGE SLUDGE, PLOT A 

\1 
CO 

5/30-31 

5/31-6/1 

6/5-18 

4 

5 

5 & 6 

PHASE I I I : API SEPARATOR SLUDGE (WEATHERED), PLOT B 

0.94 

0.83 

12.8 

L b s / 
Ft 

Sludge Spread 
Tons/ 
Acre 

7.9 

8.0 

7 

8 

9 ( 2 ) 

6/18-7/14 

9/11-17 

9/17-10/9 

25.8 

5.1 

21.7 

8.0 

6.8 

172 

174 

174 

147 

B b l s / 
Acre 

894 

905 

905 

764 

Hydro
carbon 
Content 

Of 
Sludge 
Wt. X 

8.1 

8.1 

5.2 

5.2 

O i l Spread 
Lbs / 
F t 2 

L b s / 
Acre 

0.64 27900 

0.65 28300 

0.42 18100 

0.35 15300 

88.5 

89.7 

Hydrocarbon 
Emissions (3) 

T o t a l 
B b l s / L b s / 
Acre Acre 

18 

32 

494 

526 

8 & 9 

57.6 1963 

48.6 507 

1596 

2103 

Avg. Rate 
L b s / 

Acre-Day 

19.2 

38.6 

40.9 

76.1 

99.4 

95.1 

Wt. 2 Of 
Sludge 

Hydrocarbon 
Phase 

Evaporated 

0.06 

0.11 

1.9 

2.0 

10.9 

3.3 

10.2 

13.8 

C o l l e c t o r Box Avg. 
Da l ly Temp., ° F 

Max. Min. 

90 

85 

86 

61 

59 

50 

(1) Test 6 fol lowed r o t o t l l l l n g at the end of Run 5 on same ground area . 
(2) Test 9 fol lowed r o t o t l l l l n g at the end of Run 8 on same ground area . 
(3) Hydrocarbons-less-methane expressed as hexane. Hydrocarbons In 

background a i r have been backed out . 

Source: Weldon, ( 8 ) , page 23. 
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TABLE 5 

BACKGROUND HYDROCARBON LEVELS 

(HC-CH4) 

CONCENTRATION 
EXPRESSED AS 

VPPM C H 4 

METHANE, 
VPPM 

LENGTH 
OF TEST 

HOURS 

P l o t (C) C o n t r o l Tes t 1 1.5 

P l o t (A) T e s t 2 < 1.0 

P l o t (B) Tes t 3 < 1.0 

(1) 
0 .0 

< 1.0 

< 1.0 

18 

22 

Ambient A i r ; 

5 /23 /11 :00 AM 

6 / 5 / 9 : 2 0 AM 

6 / 8 / 1 : 0 0 PM 

6 / 1 8 / 5 : 0 0 PM 

6 / 2 6 / 3 : 0 0 PM 

6 / 2 7 / 1 : 3 0 PM 

1.3 

5.5 ( 2 . 3 - 8 . 8 ) 

2 .0 

1.3 

3.5 

3.8 

1.3 

1.8 

1.5 

1.6 

1.6 

2 .0 

9 /11 /1 :45 PM 

1 0 / 1 0 / 1 : 1 0 PM 

0.5 

1,3 

1.0 

0 .9 

(1) Power to system was s u p p l i e d by propane g e n e r a t o r a t the s i t e . 

Source: Weldon, ( 8 ) , page 31, 
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9 ) . B r o w n , K . W. , K . C . D o n e l l e y , J . C . Thomas, and L . E . 
D e u e l , J r . " F a c t o r ' s I n f l u e n c i n g the B i o d e g r a d a t i o n 
o f A P I S e p a r a t o r S l u d g e s A p p l i e d t o S o i l s . " Land 
D i s p o s a l of Hazardous W a s t e s . P r o c e e d i n g s o f t h e 
7 t h A n n u a l R e s e a r c h S y m p o s i u m a t P h i l a d e l p h i a , 
P e n n s y l v a n i a . March 16-18, 1981. 

WASTES 

T h e w a s t e s i n v e s t i g a t e d i n t h i s s t u d y w e r e 

s e p a r a t o r s l u d g e a n d p e t r o c h e m i c a l p l a n t 

s l u d g e . 

SOILS 

A v a r i e t y o f s o i l s w e r e i n v e s t i g a t e d a n d r a n g e d f r o m a c l a y 

s o i l t o a s a n d y c l a y s o i l . D e t a i l e d s o i l a n a l y s e s w e r e 

c o n d u c t e d . 

WASTE APPLICATION/DESIGN 

A l l o f t h e w o r k c o n s i s t e d o f l a b o r a t o r y i n v e s t i g a t i o n s u s i n g 

r e s p i r o m e t e r s . T h e r e f i n e r y s l u d g e c o n t a i n e d 10% 

e x t r a c t a b l e c a r b o n . The a u t h o r s a p p l i e d t h e w a s t e s l u d g e s 

r e f i n e r y A P I 

A P I s e p a r a t o r 
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a t u p t o 10% w a s t e s l u d g e i n t h e s o i l . The a u t h o r s a l s o 

i n v e s t i g a t e d d i f f e r e n t l e v e l s o f f e r t i l i z e r a p p l i c a t i o n s . 

T h e w a s t e s w e r e s u r f a c e a p p l i e d t o t h e s o i l . 

T h e v a r i a b l e s i n v e s t i g a t e d i n t h i s s t u d y w e r e : t e m p e r a t u r e 

l e v e l s ; s o i l m o i s t u r e l e v e l s ; f e r t i l i z e r a p p l i c a t i o n l e v e l s ; 

w a s t e a p p l i c a t i o n r a t e s ; w a s t e a p p l i c a t i o n f r e q u e n c y ; a n d , 

s o i l t y p e s . 

R E S U L T S 

• A b r o a d r a n g e o f t e m p e r a t u r e s s u i t a b l e f o r 

o i l d e g r a d a t i o n e x i s t e d . T h i r t y d e g r e e s 

C e l s i u s e x h i b i t e d t h e m a x i m u m d e g r a d a t i o n 

r a t e f o r r e f i n e r y s l u d g e o f t h e t e m p e r a t u r e s 

i n v e s t i g a t e d . 

• T h e a u t h o r s f o u n d t h a t a b r o a d a c c e p t a b l e 

r a n g e o f s o i l m o i s t u r e l e v e l s f o r o i l 

d e g r a d a t i o n e x i s t e d . The maximum d e g r a d a t i o n 

r a t e f o r r e f i n e r y s l u d g e s was f o u n d a t f i e l d 

c a p a c i t y f o r t h e s o i l s s t u d i e d . 
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F e r t i l i z e r a p p l i c a t i o n s 

e f f e c t o n t h e r e f i n e r y 

r a t e s . 

w e r e f o u n d t o h a v e no 

s l u d g e d e g r a d a t i o n 

F r e q u e n t s m a l l a d d i t i o n s o f s m a l l a m o u n t s o f 

w a s t e i n c r e a s e d d e g r a d a t i o n r a t e s . 

T h e b e s t w a s t e l o a d i n g r a t e f o r t h e r e f i n e r y 

s l u d g e a p p e a r e d t o l a y s o m e w h e r e b e t w e e n 1 

a n d 5 p e r c e n t o f w a s t e s l u d g e b y w e i g h t i n 

t h e s o i l . 

T h e s a n d y c l a y s o i l h a d t h e g r e a t e s t 

d e g r a d a t i o n r a t e o f t h e s o i l s s t u d i e d f o r t h e 

r e f i n e r y s l u d g e . 

T h e c l a y s o i l h a d t h e s m a l l e s t d e g r a d a t i o n 

r a t e o f t h e s o i l s s t u d i e d f o r t h e r e f i n e r y 

s l u d g e . 
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A d d i t i o n o f f e r t i l i z e r s t o t h e s o i l i n c r e a s e d 

t h e n u m b e r o f m i c r o b e s p r e s e n t i n t h e s o i l . 

• A d d i t i o n o f w a s t e t o t h e s o i l h a d v a r y i n g 

e f f e c t s on t h e p o p u l a t i o n o f m i c r o b e s i n t h e 

s o i l . A t 1 .0 p e r c e n t w a s t e s l u d g e b y w e i g h t 

i n t h e s o i l , t h e l a r g e s t m i c r o b i a l 

p o p u l a t i o n s w e r e f o u n d . A t 1 0 p e r c e n t w a s t e 

s l u d g e b y w e i g h t i n t h e s o i l t h e m i c r o b i a l 

p o p u l a t i o n s w e r e l o w e r t h a n i n u n a m e n d e d 

s o i l s . 

• The a v e r a g e h a l f - l i f e o f t h e r e f i n e r y w a s t e s 

i n t h e s o i l s w e r e c a l c u l a t e d a t 141 d a y s . 

T A B L E S AND F I G U R E S 

T h i s s t u d y w a s r e v i e w e d o n m i c r o f i c h e a n d , t h e r e f o r e , n o 

T a b l e s o r F i g u r e s a r e i n c l u d e d i n t h i s s u m m a r y . 
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1 0 ) . M i n e a r , R . A . , J . L . R a n d a l l , and R. G . W e a t h e r o l d . 
" A t m o s p h e r i c H y d r o c a r b o n E m i s s i o n s f r o m L a n d 
T r e a t m e n t o f R e f i n e r y O i l y S l u d g e s . " A m e r i c a n 
Pe tro l eum I n s t i t u t e . May, 1981. 

WASTES 

T h e p e t r o l e u m r e f i n e r y w a s t e s s t u d i e d w e r e t w o A P I s e p a r a t o r 

s l u d g e s a n d o n e s a m p l e o f t a n k b o t t o m s . 

SOILS 

T w o t y p e s o f s o i l w e r e i n v e s t i g a t e d i n t h i s s t u d y , h o w e v e r , 

d i f f e r e n c e s a n d s i m i l a r i t i e s o f t h e s o i l s w e r e n o t 

p r e s e n t e d . 

WASTE APPLICATION/DESIGN 

A l l w o r k c o n s i s t e d o f l a b o r a t o r y i n v e s t i g a t i o n s l a s t i n g 

a p p r o x i m a t e l y 30 m i n u t e s . W a s t e a p p l i c a t i o n s w e r e m a d e a t 

r a t e s v a r y i n g a n y w h e r e f r o m 2 7 . 2 t o 1 7 0 7 g r a m s o f o i l p e r 

s q u a r e f o o t o f s o i l ( t h e s o i l w a s f o u r i n c h e s d e e p ) . 

A d d i t i o n s o f f e r t i l i z e r a n d t h e i r e f f e c t s on h y d r o c a r b o n 

e m i s s i o n s w e r e n o t i n v e s t i g a t e d . T h e w a s t e s w e r e a p p l i e d 
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e v e n l y t o t h e s o i l s u r f a c e e x c e p t f o r some t r i a l s i n v o l v i n g 

s u b s u r f a c e i n j e c t i o n . A n u m b e r o f v a r i a b l e s a n d t h e i r 

e f f e c t s o n h y d r o c a r b o n e m i s s i o n s f r o m t h e s o i l / w a s t e 

m i x t u r e s w e r e i n v e s t i g a t e d i n t h i s s t u d y . T h e v a r i a b l e s 

c o n s i s t e d o f : s l u d g e v o l a t i l i t y ; s o i l m o i s t u r e c o n t e n t ; 

w i n d s p e e d ; r e l a t i v e h u m i d i t y ; a i r a n d s o i l t e m p e r a t u r e ; 

s l u d g e l o a d i n g t o t h e s o i l ; a n d , s l u d g e a p p l i c a t i o n s 

t e c h n i q u e s . 

R E S U L T S 

• The v o l a t i l e o r g a n i c c a r b o n e m i s s i o n s v a r i e d f r o m 

0 . 0 9 t o 7 . 5 p e r c e n t o f t h e t o t a l a p p l i e d o i l b y 

w e i g h t . T h e s e e m i s s i o n s t o o k p l a c e i n t h e f i r s t 

3 0 m i n u t e s a f t e r a p p l i c a t i o n o f t h e w a s t e t o t h e 

s o i l . 

• G r e a t e r s l u d g e v o l a t i l i t y , a s b a s e d o n s t r i p p i n g 

t e s t s , w a s p o s i t i v e l y c o r r e l a t e d w i t h g r e a t e r 

t o t a l v o l a t i l e o r g a n i c c a r b o n e m i s s i o n f r o m t h e 

l a n d t r e a t m e n t p l o t s . 
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T h e v o l a t i l i t y o f w a s t e s l u d g e s d e c r e a s e d w h e n t h e 

w a s t e was a d d e d t o t h e s o i l . H o w e v e r , a s l u d g e / 

g a s o l i n e m i x t u r e a d d e d t o s o i l h a d g r e a t e r t o t a l 

e m i s s i o n s t h a n t h e r a w w a s t e i t s e l f . N o 

e x p l a n a t i o n was p r o v i d e d . 

S t r i p p i n g t e s t s r u n o n t h e r a w w a s t e s t e n d e d t o 

h a v e t h e h i g h e s t v o l a t i l e o r g a n i c c a r b o n 

c o n c e n t r a t i o n s i n e m i s s i o n s s h o r t l y a f t e r 

s t r i p p i n g b e g a n . A n e x p o n e n t i a l d e c a y o f 

c o n c e n t r a t i o n s w i t h t i m e w a s f o u n d f o r t h e 30 

m i n u t e s t u d y p e r i o d . 

T h e h i g h e s t v o l a t i l e o r g a n i c c a r b o n e m i s s i o n s w e r e 

f o u n d s h o r t l y a f t e r a p p l y i n g t h e w a s t e s t o t h e 

s o i l . T h e s e c o n c e n t r a t i o n s d e c r e a s e d w i t h t i m e . 

E x p e r i m e n t a l r u n s o n s o i l / w a s t e m i x t u r e s i n d i c a t e d 

t h a t i n c r e a s e d s o i l m o i s t u r e c o n t e n t s w e r e 

p o s i t i v e l y c o r r e l a t e d w i t h g r e a t e r h y d r o c a r b o n 

e m i s s i o n s t o t h e a i r . 
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W i n d s p e e d s b e t w e e n 1 a n d 3 m i l e s p e r h o u r w e r e 

s t u d i e d . C o n c e n t r a t i o n s o f v o l a t i l e o r g a n i c 

c a r b o n s i n t h e a i r f e l l w i t h i n c r e a s i n g w i n d s p e e d 

o v e r t h e s o i l / w a s t e p l o t s . H o w e v e r , t o t a l m a s s 

e m i s s i o n s o f v o l a t i l e o r g a n i c c a r b o n s w e r e 

a p p r o x i m a t e l y t h e s a m e i n t h e w i n d s p e e d r a n g e 

s t u d i e d . 

E x p e r i m e n t a l r u n s o n s o i l / w a s t e m i x t u r e s i n d i c a t e d 

t h a t i n c r e a s e d r e l a t i v e h u m i d i t y i n t h e a i r was 

c o r r e l a t e d w i t h h i g h e r h y d r o c a r b o n e m i s s i o n s f r o m 

t h e s o i l / w a s t e p l o t s . 

One r u n i n d i c a t e d t h a t l o w e r t e m p e r a t u r e s o f t h e 

s o i l a n d t h e a i r w e r e a s s o c i a t e d w i t h d e c r e a s e d 

h y d r o c a r b o n e m i s s i o n s f r o m t h e s o i l / w a s t e p l o t s 

when c o m p a r e d w i t h h i g h e r t e m p e r a t u r e s . 

No c o n s i s t e n t r e l a t i o n s h i p w a s f o u n d b e t w e e n t h e 

w e i g h t p e r c e n t o f o i l i n t h e s o i l / w a s t e m i x t u r e 

a n d h y d r o c a r b o n e m i s s i o n s . 
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• I t w a s f o u n d t h a t s u b s u r f a c e i n j e c t i o n o f w a s t e s 

s i g n i f i c a n t l y d e c r e a s e d v o l a t i l e o r g a n i c c a r b o n 

e m i s s i o n s . W h e n t h e w a s t e s w e r e n o t a l l o w e d t o 

b u b b l e t o t h e s u r f a c e a f t e r i n j e c t i o n , n o 

e m i s s i o n s w e r e f o u n d . T h e l o n g e r t h e w a i t b e f o r e 

t i l l i n g t h e s o i l / w a s t e m i x t u r e a f t e r s u b s u r f a c e 

i n j e c t i o n , t h e l o w e r t h e t o t a l v o l a t i l e o r g a n i c 

c a r b o n e m i s s i o n s . 

T A B L E S AND F I G U R E S 

S e l e c t e d T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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T a b l e s 3 a n d 4 . 

T a b l e 3 P h y s i c a l T e s t s Run on t h e O i l y S l u d g e s 

1 . T o t a l s o l i d s 
2 . T o t a l v o l a t i l e s o l i d s 
3 . T o t a l s u s p e n d e d s o l i d s 
4 . T o t a l v o l a t i l e s u s p e n d e d s o l i d s 
5 . W e i g h t l o s s o n h e a t i n g 
6 . C e n t r i f u g a t i o n 

T a b l e 4 C h e m i c a l T e s t s R u n o n t h e S l u d g e a n d S o i l 
S a m p l e s 

T e s t s M e t h o d s 

O i l a n d g r e a s e c o n t e n t 
o f s l u d g e s 

V o l a t i l e o r g a n i c s on 
s o i l s and s l u d g e s 

V o l a t i l e o r g a n i c s o n 
s o i l 

E x t r a c t i o n w i t h f r e o n a n d 
i n f r a - r e d a d s o r p t i o n 

Gas c h r o m a t o g r a p h y 
M a s s s p e c t r o m e t r y (GC/MS) 

H i g h t e m p e r a t u r e (GC/MS) 

S o u r c e : Minear, et a l , ( 1 0 ) , page 10. 
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T a b l e 5 P h y s i c a l C h a r a c t e r i s t i c s o f L a n d T r e a t m e n t S l u d g e s 

O i l * O i l * Tota l 
and and Total Tota l v o l a t i l e 

grease grease Tota l v o l a t i l e suspended suspended 
S1udge by IR by gravimetric solIds sol Ids so l ids so l ids 
sjimple** (m|;/l) (mg/l) (ng/1) (X) (mg/l) mg/l W 

T-A 159,600 B2.200 66,700 81 
T-B 93,400 32,400 35 
T-C 80,500 110,000 790,000 94,000 12 
T-D 38,400 66,000 410,000 100,000 25 

SJ-A 82,500 74,400 54,200 73 
S3-B 12,500 4,300 35 
S3-C 142,000 150,000 21,000 16,000 76 
S3-D 177,000 340,000 11,000 6,000 55 

Sl -A 726,800 196,200 153,600 78 
Sl-I) 1,100 1,070 97 
Sl -C 598,000 800,000 2,900 2,700 93 
Sl-D 619,000 820,000 2,000 1,900 94 

Average Values 

T Avg 59,500 111,900 82,200 66,700 81 431,000 75,500 18 
S3 Avg 159, 500 191,000 74,400 54,200 73 14,800 8,800 59 
SI Avg 608,500 782,000 196,200 153,600 78 2,000 1,890 95 

^Ri'Torenee o i l con to J ne3 3 7 . I s o c t a n c , 37i , 5T Tiexndecane, i and Y5.T1X benzene. 

**S1 - 'funk bottoms 
S'J » API separator sludge 
T =• API separator sludge 

Source: M i n e a r , et a l , ( 1 0 ) , page 11. 



2 
T a b l e 6 R e s u l t s o f C e n t r i f u g a t i o n o f S l u d g e S a m p l e s 

Centrifugation 
time Solids Water O i l 

Sample* (min) (Vol %) (Vol X) (Vol %) 

T-A 15 40 50 10 

T-B 15 40 50 10 

S3-A 15 15 79 6 

S3-B 15 15 79 6 

Sl-A 15 6 0 94 

Sl-B 15 6 0 94 

*S1 * Tank bottoms 
S3 = API separator sludge 
T = API separator sludge 

Source: Minear, et a l , ( 1 0 ) , page 12. 
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T a b l e 7 C h e m i c a l C o m p o s i t i o n o f S l u d g e a n d S o i l S a m p l e s 

Concentration, PPM* 

RT(min) 

API separator 
Compound (H/E) sludge S3 

Tank bottoms 
SI 

API separator 
sludge T 

S 
S o i l 

T 
S o i l 

9.2 Benzene (78) 1,400 1,800 N.D. 0.0085 0.55 

15.2 Toluene (92) 5,600 9,300 0.02 0.0075 0.50 

18.1 Ethylbenzene (106) 4,300 5,200 0.46 0.0065 1.8 

20.5 H,P-Xylene (106) 15,000 23,000 1.2 0.012 5.5 

21.2 O.Xylene (106) 32,000 42,000 0.55 0.016 5.0 

23.2 Saturated 
Hydrocarbon (85) 24,000 4,000 5.0 N.D. 6.5 

26.2 Indane (118) 28,000 34,000 9.2 N.D. 1.6 

25.4 Cj-Benzene (120) 160,000 220,000 7.9 N.D. 12.0 

24.0 Dlmethylpentene (98) 1,900 2,200 5.0 N.D. 5.0 

24.8 Saturated 
Hydrocarbon (57) 5,200 6,200 6.6 N.D. 13.0 

TOTAL 277,400 347,700 35.9 

'•Compounds with retention times up to 21 minutes were quantltated based on actual response factors and 
compounds with retention times above 21 minutes were quantltated with a response factor of 1. 

Source: M i n e a r , et a l , (.10), page 13. 



T a b l e 8 S t r i p p i n g T e s t R e s u l t s 

Stripping 
time, 

minutes 

Hydrocarbon concentration, ppmw/ul 

Sludge 
. T* 

Sludge 
S3* 

Sludge 
SI* 

0 
4 
8 

12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 

91 
15 
8.2 
5.2 
3.7 
3.0 
2.4 
1.9 
1.6 
1.4 
1.2 
1.0 
.91 
.80 
.69 
.63 
.62 
.56 
.54 
.44 

1900 
140 
72 
39 
27 
21 
16 
13 
10 

8. 
7. 
6. 
5. 
5.0 
4.7 
4. 
4. 
3. 
2. 
2.6 

6100 
310 
150 
170 
150 
140 

120 
110 
100 
100 
96 
92 
87 
84 
80 
74 
76 
71 
70 

Bag sample, 
0-36 minutes 

Sample size, u l 

17 

20 

23 

5 

140 

1 

* SI = Tank bottoms 
S3 « API separator sludge 
T *= API separator sludge 

Source: Minear, et a l , ( 1 0 ) , page 15. 
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T a b l e 9 M a t r i x o f E x p e r i m e n t a l C o n d i t i o n s f o r L a n d T r e a t m e n t S i m u l a t i o n R u n s 

oo 

Waste S o i l S o i l / A i r A i r Relative 
Run Waste Loading S o i l Moisture Temperature 

( ° F / ° F ) 

Veloc i ty Humidity Spread lug 

No. Material** ( l b / f t J)***Type (wtX) 
Temperature 

( ° F / ° F ) (mph) (X) Mechanism Remarks 

1 llcxnne 1.0 None NA NA/100 3 Amb* Pour 
2 Ilcxnne 1.0 S 10.7 120/100 3 Amb* Surface 

3 Gasoline 1.0 None NA NA/100 Amb* Pour 
4 Gasoline 1.0 S 10.7 120/100 3 Amb* Surface 

5 SI 2.5 None NA NA/100 3 Amb* Pour 
6 SI 2.5 S 10.7 120/100 3 Amb* Surface Base case 

7 SI 2.5 S 10.7 120/100 3 Amb* Surface Repeat of base case 

a SI 2.5 s 10.7 120/100 1 Amb* Surface 

9 SI 2.5 s 10.7 100/80 3 40 Sur face 
10 SI 1.0 s 10.7 120/100 3 Amb* Surface 

11 SI 1.0 s 10.7 120/100 3 Amb* Surface Repeat of Run 10 

12 SI 2.5 T 4.7 120/100 3 Amb* Surface 
13 SI 2.5 S 20.7 120/100 3 Amb* Surface 
14 SI 2.5 s 10.7 120/100 3 75 Surface 

15 T 2.5 s 10.7 120/100 3 Amb* Surface 
16 SI 2.5 s 10.7 120/100 3 Amb* Surface 
17 SI 4.0 s 10.7 120/100 3 Amb* Surface 

18 SI 0.5 s 10.7 120/100 3 Amb* Surface 
Heat sludge to 140*F 19 SI 2.5 s 10.7 120/100 3 Amb* Surface Heat sludge to 140*F 

20 S3 1.0 s 10.7 120/100 3 Amb* Surface 

21 S3 2.5 s 10.7 120/100 3 Amb* Surface 

22 S3 4.0 s 10.7 120/100 3 Amb* Surface 

23 S3 1.0 T 4.7 120/100 3 Amb* Surface • 

24 S3 4.0 . T 4.7 120/100 3 Amb* Surface 
25 S3 2.5+ s 10.7 120/100 . 3 Arab* Surface Spike sluJge with 0.5 lb of 
26 S3 2.5+ s 10.7 120/100 3 Amb* Surface Spike sludge with 1.5 lb of 
27 S3 2.5+ S 10.7 120/100 3 Amb* Surface Spike sludge with 1.5 lb of 
28 SI 2.5 S 10.7 120/100 3 Amb* Sub-surface T i l l s o l i a f t er spreading 

29 SI 2.5 s 10.7 120/100 3 Amb* Sub-sur face Use deeper l n l e r H n " 

*Amb - ambient humidity was t y p i c a l l y SOX at room temperature but measured <<30X at 100*F. 
**Sludgc SI - Tank Bottoms 

Sludge S3 - API Separator Sludp.e 
Sludge T - API Separator Sludf.e 

***Loading of 2.5 l b / f t J i s equivalent to approximately 300 barre l s /acre . 

Source: Minear, et a l , ( 1 0 ) , page 16. 



E 
a 
a 

c 
o 

\0 

Spread 

F i g u r e 2 T y p i c a l c h a r t t r a c e f r o m THC m o n i t o r 

Source: M i n e a r , et a l , ( 1 0 ) , page 18. 



T a b l e 10 R e s u l t s o f S i m u l a t i o n R u n s 

Run 
No. V a r i a b l e 1 

Maximum 
hydrocarbon 

concentration 

Integrated 
area In 

6 Min. 

Integrated 
area In 
30 min. 

1 Pure hexane ( fa lse bottom) >10,000 2,460 7,980 

2 Pure hexane >10,000 3,900 5,500 

3 Casollne ( fa lse bottom) > 5,000 690 1,810 

4 O.isol Ine >10,000 1,750 2,470 

5 SI ( false bottom) 400 43 342 

6 Ilnse case 215 21 78 

7 llase case (repeat) 200 22 62 

8 Air ve loc i ty decreased to 1 mph 310 57 231 

9 A i r / s o i l temperature decreased 260 23 53 

10 Loading decreased 325 49 143 

11 Loading decreased (repeat of 10) 200 31 136 

12 S o i l T used 485 86 230 

13 Moisture in s o l i increased > 500 85 263 
14 Moisture in a i r increased > 500 68 116 
15 Waste T used 35 1 1 
16 Rase Case in a deeper box 350 27 71 

17 Loading increased 425 33 81 

18 Loading decreased d r a s t i c a l l y 250 31 61 

19 Waste heated before spreading 350 45 74 
20 Waste S3 at low loading 23 4 10 
21 Waste S3 used 15 1.5 5 

22 Waste S3 at Mp.li loading 25 4 16 
21 Won i> S I low load on T. so 1 ' 17 2 5 
24 Waste SJ liluh lo.nl on T s o l i 34 4 12 
25 Waste S3 with low gas spike 7,000 480 760 
26 Waste S3 with high gas spike >10,000 760 1,360 
27 Waste S3 cut with water 25 5 8 
28 Sub-surface inject ion 300 17 114 
28 A T i l l lug of 28 375 29 68 
29 Sub-surface deep in jec t ion 0 0 0 
29A 225 1 5 15 
29 B «;n i 1 

1 V.i r 1 ,ib I u changes from the base caf e conditions of Runs 6 and 7. A l l other variables remained as in Runs 

Remarks 

Tota l area at dryness was 8580 

Total area at zero hydrocarbon 
concentration was 2400 

T i l l e d 80 min. a f ter spreading 

T i l l e d 4 days a f t er spreading 
T i l l e d 6 davs a f t er spreading 

6 and 7. 

Source: Minear, et a l , ( 1 0 ) , page 19 



T a b l e 11 E s t i m a t e d E m i s s i o n s f r o m S l u d g e A p p l i e d 
t o S o i l i n L a n d T r e a t m e n t S i m u l a t i o n T e s t s 

Weight Z Total Weight Weight 
Area Crams Sludge Sludge Oil X O i l 2 III 

Run/Sludge 30 v o l a t i l i z e d * appl ied, g v o l a t i l i z e d applied** v o l a t i l i z e d applied, g l V o l a t i l i z e d 

6/S1 78 7.9 1135 0.70 1067 .74 . 999 .79 
7/S1 62 6.3 1135 0.56 1067 .59 999 .63 
9/S1 53 5.4 1135 0.48 1067 0.51 999 0.54 

10/S1 143 14.5 4 54 3.2 . 427 3.4 400 3.6 
U / S l 136 13.8 454 3.0 427 3.2 400 3.5 
12/S1 2 30 23.3 1135 2.1 1067 2.2 999 2.3 
13/S1 263 26.7 1135 2.4 1067 2.5 999 2.7 
14/Sl 116 11.8 1135 1.0 1067 1.1 999 1.2 
1 5/T 1 0.10 1135 0.009 114 0.88 110 0-90 
16/S1 71 7.2 1135 0.63 1067 .67 999 .72 
17/S1 81 8.2 1816 0.45 1707 .48 1590 .52 
18/Sl 61 6.2 227 2.7 213 2.9 200 3.1 
19/S1 74 7.5 1135 0.66 1067 _JS) 999 .75 
20/S3 10 1.0 454 0.22 27.2 3.7 91 1.1 
21/S3 5 0.51 1135 0.045 68.1 0.75 227 0.22 
22/S3 16 1.6 1816 0.088 109 1.5 363 .44 
23/S3 5 .51 4 54 .11 27.2 1.9 91 .56 
24/S3 . 12 11.2 1816 0.066 109 1.1 363 .33 
27/S3 ' 8 .81 1135 0.071 68.1 1.2 227 .36 

* Based on Figure D response factor . 
** Based on X o i l data of .Table 4. 
f Based on gravimetric o i l and grease data of Table 5. 
*** SI - Tank bottoms 

S3 - API separator sludge 
T « API separator sludge 

Source: Minear, et a l , ( 1 0 ) , page 21. 



150 

.5 1.0 2.5 

LOADING ( L B S / F T 2 ) 

4.0 

F i g u r e 3, E f f e c t o f l o a d i n g o n e m i s s i o n s f r o m 
s i m u l a t e d l a n d t r e a t m e n t ^ 

Source: Minear, et a l , (10)., page 22. 
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400-1 

300 H 

200- Tllled 4 days alter Injection 

100 H 

Tilled 6 days alter Injection 

Initial Subsurface Injection 

T 
12 '3 8 9 12 15 

F i g u r e 2 0 . E f f e c t o f r e s t i n g t i m e b e f o r e t i l l i n g o n e m i s s i o n s a f t e r s u b s u r f a c e i n j e c t i o n . 

Source: Minear, et a l , ( 1 0 ) , page 74, 
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400-i 

0 S 10 15 20 25 30 

TIME (MINUTES) 

F i g u r e 2 1 . E f f e c t o f m o i s t u r e , l o a d i n g , a n d a i r f l o w o n e m i s s i o n s . 

Source: Minear, et a l , ( 1 0 ) , page 75. 
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1 1 ) . H u d d l e s t o n , R . L . , J . E . R u c k e r , F . W. B r o w n , a n d L . 
E . D e u e l , J r . " E v a l u a t i o n o f S u b s u r f a c e E f f e c t s o f 
L o n g - T e r m L a n d f a r m i n g . " L a n d D i s p o s a l o f 
H a z a r d o u s W a s t e , P r o c e e d i n g s o f t h e 8th Annua l 
Research S y m p o s i u m a t F o r t M i t c h e l l , K e n t u c k y , 
M a r c h 8 - 1 0 , 1 9 8 2 . E P A - 6 0 0 / 9 - 8 2 - 0 0 2 . M a r c h , 
1982. 

WASTES 

T h e l o n g t e r m m i g r a t i o n p o t e n t i a l o f l a n d f a r m i n g p e t r o l e u m 

w a s t e s w e r e i n v e s t i g a t e d b y s o i l a n a l y s e s a t f i v e p r e v i o u s l y 

u s e d l a n d f a r m i n g s i t e s . S p e c i f i c w a s t e s t r e a t e d a t t h e 

s i t e s w e r e n o t l i s t e d . 

SOILS 

T h e s i t e s i n v e s t i g a t e d w e r e u s e d f o r t r e a t m e n t o f p e t r o l e u m 

w a s t e s f o r a t l e a s t f i v e y e a r s . The s o i l s r a n g e d f r o m s a n d s 

t o c l a y s . 

WASTE APPLICATION/DESIGN 

T h e p r e v i o u s l y u t i l i z e d s i t e s w e r e s a m p l e d t h r o u g h s o i l 

c o r e s e x t e n d i n g t o a d e p t h o f t w e l v e f e e t . M u l t i p l e s o i l 
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c o r e s w e r e t a k e n a t e a c h s i t e a n d c o m p o s i t e d w i t h r e s p e c t t o 

a g i v e n d e p t h . A l l a n a l y s e s w e r e r u n o n t h e s e c o m p o s i t e 

s o i l s a m p l e s . B a c k g r o u n d s o i l s a m p l e s w e r e a l s o t a k e n a t 

e a c h s i t e . 

R E S U L T S 

• C h r o m i u m a n d l e a d w e r e p r e s e n t i n t h e s u r f a c e 

l a y e r s o f t h e l a n d f a r m s o i l s i n c o n c e n t r a t i o n s 

h i g h e r t h a n f o u n d i n t h e b a c k g r o u n d s o i l . T h e s e 

c o n t a m i n a n t s a t t e n u a t e d t o b a c k g r o u n d l e v e l s 

w i t h i n s i x f e e t o f t h e s o i l s u r f a c e . 

• T h e r e w a s n o e v i d e n c e o f m i g r a t i o n o f a n y m e t a l s 

d o w n w a r d o u t o f t h e t r e a t m e n t z o n e . 

• T h e u p p e r s i x f e e t o f s o i l t r e a t e d w i t h p e t r o l e u m 

w a s t e s h a d a s l i g h t l y l o w e r p H w h e n c o m p a r e d t o 

b a c k g r o u n d s o i l s . The a u t h o r s f e l t t h a t t h i s was 

d u e t o t h e a c i d i c d e g r a d a t i o n p r o d u c t s o f t h e 

w a s t e s . 
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• No s i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d a t two s i t e s 

f o r s u r f a c e s o i l o i l a n d g r e a s e c o n c e n t r a t i o n s , 

when c o m p a r e d t o b a c k g r o u n d s o i l s . 

• O i l a n d g r e a s e c o n c e n t r a t i o n s a t a l l t r e a t e d s o i l 

p l o t s a t t e n u a t e d t o b a c k g r o u n d l e v e l s w i t h i n t w o 

f e e t o f t h e s u r f a c e s o i l . 

• S o m e o f t h e p r e v i o u s l y u t i l i z e d s i t e s h a d c a t i o n 

e x c h a n g e c a p a c i t i e s s i g n i f i c a n t l y h i g h e r t h a n 

t h e i r b a c k g r o u n d s o i l s . T h e a u t h o r s a t t r i b u t e d 

t h i s t o t h e b u i l d - u p o f o r g a n i c s u b s t a n c e s i n t h e 

s o i l f r o m t h e w a s t e s . 

• A l l s i t e s a p p e a r e d t o h a v e a c c o m p l i s h e d w a s t e 

d e g r a d a t i o n w i t h o u t m i g r a t i o n o f t h e w a s t e s o r t h e 

d e g r a d a t i o n p r o d u c t s o f t h e w a s t e s . 

T A B L E S AND F I G U R E S 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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T a b l e 22 . Mean C l ~ , SO^ , and N03"" V a l u e s A v e r a g e d Over Depth f o r 

B o t h T r e a t e d and U n t r e a t e d S o i l s . 

A n i o n 

S i t e C I SO. NO 

_ . m e q / l i t e r : 

A - U n t r e a t e d 1 .91 2 72 0 .95 

A - T r e a t e d 3 .38 258 0 .76 

B - U n t r e a t e d 0 .67 9.54 0 .54 

B - T r e a t e d 2 . 5 1 31 .6 1 .08 

C - U n t r e a t e d 4 0 . 3 8.58 2.24 

C - T r e a t e d 40 .4 41 .2 1 .71 

D - U n t r e a t e d 6 0 . 8 1 3 . 7 9 .01 

D - T r e a t e d 2 9 . 5 1 2 . 8 16 .8 

E - U n t r e a t e d 1 .48 4.25 0 .25 

E - T r e a t e d 6 .00 6 .68 0 .31 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 434. 
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T A B L E 23 . T O T A L M E T A L C O N T E I I T S W I T H D E P T H F O R U N T R E A T E D A N D T R E A T E D S O I L A T S I T E A I N P P M 

S i t e D e p t h 

(cm) 

D e p t h 

( i n . ) 

As Cd Cr Hg Pb Se N i V 

A - U n t r e a t e d 0- •15 0- •6 1. 2 1. 8 29 • A 0 . 6 2 3 . 5 17 .6 6 7 . 6 
S o i l 

15- •23 6- •9 9 . 2 2 . A 32 . 3 0 . 6 2 9 . A 23 .5 6 7 . 6 

23 - 30 9- •12 8. 3 1. 9 27 . 8 0 . 6 2 7 . 8 22 .2 6 3 . 9 

30- •53 12- •21 1. 6 2 . 2 25 . 0 0 . 6 2 7 . 8 19 . A 7 7 . 8 

5 3 - •76 2 1 -•30 0 . 9 2 . 2 28 . 1 0 . 6 3 1 . 3 21 .9 71 .9 

76- •102 30- •AO 3 . 7 1. 8 29 . A 1. 2 2 9 . A 23 .5 5 8 . 8 

102-•127 A0- •50 A . 6 1. 8 26 .5 1. 2 2 9 . A 20 .6 52 .9 

127-•152 5 0 - •60 1. 2 1. 7 25 . 0 0 . 6 2 2 . 2 19 . A 5 5 . 6 

A - T r e a t e d 0- •15 o- 6 1. 7 2 . 1 182 . 4 1. 2 5 0 . 0 11 . 8 A A . l 

S o i l 
15 - 23 6- •9 1. 2 2 . 1 AA . 1 1. 2 2 9 . A 17 .6 5 8 . 8 

23 -30 9- •12 3 . 7 1. 8 26 . 5 0 . 6 2 9 . A 17 .6 5 8 . 8 

30- •53 12 -21 8. 8 2 . 1 26 .5 1. 8 2 9 . A 17 .6 6 7 . 6 

53 -•76 21-•30 0 . 2 2 . 2 28 . 1 0 . 6 3 1 . 3 15 .6 62 .5 

76- •102 30- •AO 1. 1 2 . 1 A2 . 1 1. 1 
31 .6 15 .8 6 5 . 8 

102- •127 40--50 6 . 3 2 . 3 A l . 9 1. 1 2 8 . 8 23 .6 78 .5 

127- -152 50--AO 6. 9 2 . 0 31 .9 1. 2 2 8 . 9 17 .3 5 7 . 8 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 436. 



TABLE 24 . TOTAL METAL CONTENTS WITH DEPTH FOR TO TREATED AND TREATED S O I L AT S I T E B IN PPM 

S i t e D e p t h Depth As Cd C r Hg Pb Se N i V 

(cm) ( i n . ) 

B - U n t r e a t e d 0-•15 0- 6 1. 6 2 . 1 35 .5 < 0. 5 1 7 . 7 2 8 . 4 106. .4 

S o i l 
15- •30 6- 12 < 0. 2 1 .3 1 9 . 1 < 0. 5 1 2 . 7 2 2 . 3 95, .5 

30- 46 12- •18 0 . 9 0 . 9 2 0 . 7 < 0. 5 6 . 0 2 0 . 9 119. ,7 

46- 61 18-24 < 0 . 2 1.2 2 0 . 4 < 0. 5 5 . 8 2 3 . 4 117. .0 

6 1 - 76 24-•30 < 0 . 2 0 . 9 2 3 . 1 < 0 . 5 5 . 8 2 3 . 1 86. .7 

76- 91 30- •36 1. 7 2 . 1 1 8 . 1 < 0 . 5 6 . 0 2 4 . 1 120. .5 

91- •122 36- •48 < 0. 2 1.2 12 .2 < 0. 5 6 . 1 2 1 . 3 91, .5 

122- •152 48-•60 3. 7 1.5 2 5 . 4 < 0 . 5 10 .2 35 .5 152, .3 

152- •183 60- •72 2 . 6 1 .3 33 .0 < 0. 5 10 .2 3 5 . 5 101, .5 

183-•244 72- •96 1. 5 1.5 3 2 . 8 < 0 . 5 1 2 . 6 3 0 . 3 126 .3 

244-•305 96- •120 1. 5 1 .0 2 2 . 7 < 0 . 5 1 0 . 1 3 0 . 3 75 .8 

305- •366 120-•144 1. 1 1 .3 2 7 . 8 < 0 . 5 1 0 . 1 3 2 . 8 75 .8 

B - T r e a t e d 0-•15 0--6 4. 3 2 . 1 1 9 1 . 0 1 0 . 6 6 7 . 6 4 1 . 1 117 .6 

S o i l 
15- •30 6--12 2 . 7 2 .2 1 8 6 . 3 1 1 . 2 71 .4 40 .4 124 .2 

30- -46 12- -18 4. 8 1.6 78 .9 3 . 3 36 .2 3 2 . 8 131 .6 

46- -61 18--24 1. 9 1 .3 4 4 . 9 1. 9 1 6 . 0 2 8 . 8 128 .2 

61--76 24- -30 2 . 0 1 .1 4 4 . 9 1. 1 14 .0 2 8 . 1 84 . 3 

76- -91 30- -36 2 . 6 1.5 73 .9 0 . 9 1 4 . 3 35 .5 88 . 8 

91--122 36- -48 1. 4 2 . 0 37 .4 0 . 6 1 1 . 5 2 5 . 9 86 .2 

122--152 48- -60 3 . 4 1.5 4 0 . 7 < 0 . 5 1 1 . 6 2 6 . 2 87 .2 

152- -183 60- -72 2 . 3 1.5 2 5 . 8 < 0. 5 12 .9 3 0 . 9 103 . 1 

183- -244 72--96 0 . 7 1 .8 2 7 . 9 < 0. 5 1 2 . 7 35 .5 101 .5 

244--305 96--120 < 0. 2 2 . 6 33 .2 < 0. 5 2 0 . 4 3 8 . 3 127 .6 

305- -366 120- -144 3. 0 1 .8 30 .6 < 0. 5 17 .9 4 0 . 8 102 .0 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 437. 



T A B L E 2 5 . TOTAL METAL CONTENTS WITH DEPTH FOR UNTREATED AND TREATED S O I L AT S I T E C IN PPM 

S i t e Depth 
(cm) 

Depth 

( i n . ) 

As Cd C r Hg Pb Se N i V 

C - U n t r e a t e d 0 - 15 0-6 7. 0 2 . 4 2 1 . 0 1.6 34 .2 1 3 . 1 34.2 

S o i l 
15 - 30 6-12 4. 1 1.4 19 .2 1.6 32 .8 10 .9 2 7 . 4 

30- 46 12-18 3 . 5 0 .5 1 8 . 4 1.6 13 .2 2 . 6 2 6 . 3 

4 6 - 61 18-24 3. 1 1 .8 1 5 . 0 1.6 1 8 . 0 6 .0 2 4 . 0 

6 1 - 76 24-30 3. 5 1 .1 1 3 . 1 1 .1 1 3 . 1 5 . 3 2 1 . 0 

76- 91 30-36 3 . 5 1 .1 1 0 . 6 1 .6 5 . 3 1 0 . 6 79 .4 

91- •122 36-48 3 . 1 1 .3 13 .2 1 .1 < 5 . 0 7.9 5 2 . 9 

122- •152 48-60 3 . 5 1 .6 1 6 . 0 1 .1 5 . 3 8 . 0 53 .2 

152- •183 60-72 2 . 8 1 .3 1 3 . 4 2 . 1 5 . 3 8 .0 53 .5 

183- •244 72-96 4. 0 1 .9 1 6 . 3 1.6 5 .4 1 3 . 6 S4 .3 

244- •305 96-120 3 . 6 1 .1 1 6 . 0 3.2 1 0 . 6 8 .0 53 .2 

305- •366 120-144 3 . 4 1 .0 7 .7 1.6 5 . 1 5 . 1 2 5 . 6 

C - T r e a t e d 0-•30 0-12 16 . 3 2 . 6 1 0 9 . 4 1 .6 5 7 . 3 31 .3 7 8 . 1 

S o i l 
30- -46 12-18 8. 4 0 . 8 1 6 . 9 1 .1 1 4 . 1 11.2 56 .2 

46- -61 18-24 3. 7 1 .1 1 0 . 9 0 . 5 1 3 . 7 8.2 2 7 . 3 

61- -76 24-30 2 . 8 1 .1 1 3 . 4 1 . 1 10 .7 8 .1 5 3 . 8 

76- -91 30-36 2. 
• 8 

1 .3 1 6 . 1 0 . 5 5 .4 8 .1 5 3 . 8 

91--122 36-48 2, ,4 1 .1 1 3 . 6 0 . 5 5 . 4 8 .1 5 4 . 3 

122- -152 48-60 2, .0 1 . 1 1 6 . 3 0 .5 1 0 . 9 5 .4 5 4 . 3 

152- -183 60-72 2. .0 0 . 8 1 3 . 8 0 . 5 1 1 . 0 5 .5 55 .2 

183-244 72-96 4, .0 0 . 9 1 1 . 9 0 . 6 5 . 9 5 .9 2 9 . 8 

244- -305 96-120 3 .2 1 .4 1 3 . * 0 . 5 10 .9 8 .1 5 4 . 3 

305--366 120-144 2 .4 1 .4 16 .2 1 .1 1 0 . 8 8 .1 5 4 . 1 

366--427 144-168 3 .6 1 .1 5 . 3 0 . 5 1 0 . 6 5 . 3 2 6 . 6 

Source : H u d d l e s t o n , et a l , (11) , page 438. 



TABLE 26. TOTAL METAL CONTENTS WITH DEPTH FOR UNTREATED AND TREATED SOIL AT SITE D IN PPM 

Site Depth 
(cm) 

Depth 
( in . ) 

As Cd Cr Hg Pb Se Ni V 

D-Untreated 0-10 0-•4 < 0.2 1.3 12, .9 0.5 18.1 2.6 25. 9 

S o i l 10-20 4-•8 0.6 1.0 7, .7 0.5 18.0 5.2 25. 8 

20-30 8-•12 < 0.2 1.4 17, .1 1.1 20.0 8.6 57. 1 

30-46 12-•18 < 0.2 1.9 19, .5 1.1 26.0 13.0 65. 1 

46-61 18-•24 < 0.2 1.9 19 .3 1.1 27.6 13.8 55. 2 

61-76 24- •30 < 0.2 1.9 16, .2 1.1 27.0 13.5 54. 0 

76-91 30-•36 < 0.2 0.8 16 .7 1.1 14.0 11.2 36. 3 

91-122 36-•48 < 0.2 1.1 16 .0 1.6 13.4 10.7 53. 4 

122-152 48-•60 < 0.2 1.1 13 .4 1.1 13.4 8.0 34. 7 

152-183 60-•72 < 0.2 1.1 16 .0 1.1 13.4 8.0 34. 7 

183-244 72-•96 < 0.2 1.9 10 .8 1.1 18.9 10.8 34. 7 

244-305 96-•120 < 0.2 1.3 10 .7 1.1 13.4 8.1 34. 7 

305-366 120-•144 < 0.2 1.8 7 .9 1.1 21.2 2.6 13. 2 

D-Treated 0-10 0--4 < 0.2 1.6 31 .6 3.7 63.2 13.2 34. 2 
S o i l 10-20 4--8 1.1 1.6 18 .4 3.2 34.2 13.2 26. 3 

20-30 8--12 < 0.2 1.6 13 .2 1.6 21.1 10.5 26. 3 

30-46 12--18 3.0 0.3 15 .8 1.1 21.1 15.8 26. 3 

46-61 18--24 < 0.2 1.6 15 .8 1.1 26.3 10.5 26. 3 

61-76 24--30 < 0.2 1.8 15 .8 1.1 34.2 7.9 21. 1 

76-91 30--36 < 0.2 1.8 10 .5 2.1 26.3 7.9 21. 1 

91-122 36--48 < 0.2 1.6 15 .8 1.1 26.3 7.9 34. ,2 

122-152 48--60 < 0.2 1.8 15 .8 1.1 26.3 7.9 34. ,2 

152-183 60--72 < 0.2 1.6 10 .5 2.1 15.8 7.9 34. ,2 

183-244 72--96 < 0.2 0.3 16 .7 1.1 16.7 1.4 27, ,8 

244-305 46- -120 < 0.2 0.5 10 .5 1.1 15.8 1.3 13. , 1 

305-366 120--144 < 0.2 1.6 7 .9 1.1 21.1 1.3 7, .9 

Source : Huddles t.on, et a l , ( 1 1 ) , page 4 3 9 . 



T . i b l c 2 7 . . T o t a l M e t a l C o n t e n t s w i t h D e p t h f o r U n t r e a t e d and T r e a t e d S o i l at S i t e E i n ppm. 

S i t e D e p t h 
(cm.) 

D e p t h As Cd C r Hg N i Pb V 

E - U n t r e a t e d 

S o i l 
0 - 30 0 - 12 4 . 8 2 . 7 4 1 . 0 1 .1 30. ,0 9 5 . 6 109 .3 

E - U n t r e a t e d 

S o i l 

30- •46 12- 18 5 .7 2 .4 2 9 . 9 1 .1 21. .7 3 5 . 3 108.7 

46- •61 13- 24 3 . 0 2 . 7 41 .2 1.6 30. .2 38 .5 137 .4 

61-•76 24- 30 3 .4 2 . 5 38 .5 1 .1 30. .2 38 .5 137 .4 

76- •91 30- 36 6 . 3 2 . 5 4 1 . 9 1 .1 36. .3 4 7 . 5 139 .7 

91- •122 36- 48 2 . 9 2 . 5 4 7 . 0 1 .1 35. ,9 4 7 . 0 193.4 

122-•152 60- •72 4 . 8 2 . 5 2 7 . 6 0 . 6 22. .1 2 7 . 6 110 .5 

152- •183 60- •72 6 . 3 2 . 5 4 4 . 4 0 . 6 30, .6 4 4 . 4 194.4 

183- •244 72- •96 <0.2 3 .0 33 .7 0 . 6 33, .1 38 .7 138 .1 

244- -305 96- •120 4 . 8 3 .6 35 .5 0 . 6 27 . 3 3 8 . 3 164 .9 

305- -366 120-144 7 .1 3 .9 2 4 . 9 1 . 1 33 .1 3 8 . 7 138 .1 

E - T r e a t e d 0--30 0--12 6 . 3 2 . 8 113 .9 0 . 6 30 .6 19 .4 1 1 1 . 1 

S o i l 
30- -46 12- -18 4 . 7 2 . 1 37 .4 0 . 5 24 .1 37 .4 133 .7 

46- -61 13- -24 5 . 6 2 . 7 3 7 . 8 1 .6 29 . 7 3 7 . 8 1 3 5 . 1 

61- -76 24- -30 5 .6 2 . 7 3 2 . 2 0 . 5 29 .6 3 7 . 6 134 .4 

76--91 30- -36 5.2 2 . 5 4 3 . 7 0 .5 35 .5 4 3 . 7 136.6 

91--122 36- -43 4 .7 3 .2 32 .2 <0.5 32 .0 4 3 . 0 80 .6 

122--152 43- -60 5 . 8 2 . 1 3 7 . 8 0 .5 29 .7 2 9 . 7 108 .1 

152--183 60- -72 <0.2 2 .2 38 .5 <0.5 27 . 5 3 5 . 7 137 .4 

183--244 72--96 6 .8 3 . 1 3 9 . 3 <0.5 30 .9 36 .5 140 .4 

244 -305 96--120 5 . 3 3 . 0 3 5 . 7 1 .1 32 .9 30 .2 109.9 

305 -366 120--144 4 . 7 3 . 3 2 9 . 9 1.6 29 .9 3 5 . 3 108 .7 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 440. 



TABLE 28 . TOTAL ORGANIC CARBON AND EXTRACTABLE O I L AND GREASE FOR SOILS FROM S I T E A 

GIVEN IN PERCENTAGE 

UNTREATED S O I L TREATED S O I L ** 
D e p t h 

(cm) 

D e p t h 

( i n . ) 

T o t a l O r g a n i c 

C a r b o n 

O i l and 

G r e a s e 

T o t a l O r g a n i c 

C a r b o n 

O i l and 

G r e a s e 

0-15 0-6 0 . 6 5 0 . 0 5 4 .6 5 . 5 5 a 

15-23 6-9 0 . 3 5 0 . 0 1 1 .0 0 .66 b 

23-30 9-12 0 . 2 8 0 . 0 6 0 . 3 1 0 .07 c 

30-53 12-21 0 . 2 7 0 .12 0 .17 0 .05 c 

53-76 21-30 0 . 1 7 0 .02 0 . 1 8 0 . 0 2 c 

76-102 30-40 0 . 1 8 0 .02 0 .15 0 . 1 7 c 

102-127 40-50 0 . 1 5 0 . 0 4 0 .47 0 . 2 0 c 

127-152 50-60 0 . 0 8 0 . 0 1 0 .07 0 . 0 8 c 

T r e a t e d 6 o i l h y d r o c a r b o n l e v e l d i f f e r s s i g n i f i c a n t l y f r o m u n t r e a t e d s o i l 

LSD a t 0 .05 " 0 .28 O i l and g r e a s e v a l u e s w i t h d i f f e r e n t l e t t e r s u b s c r i p t s a r e s i g n i f i c a n t l y 

d i f f e r e n t a t the 0 .05 l e v e l . 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 441. 



TABLE 29 . TOTAL ORGANIC CARBON AND EXTRACTABLE O I L AND GREASE FOR SOILS FROM S I T E B 

GIVEN IN PERCENTAGE 

Depth 

(cm) 

Depth 

( I n . ) 

UNTREATED S O I L TREATED S O I L * * 

Depth 

(cm) 

Depth 

( I n . ) 

T o t a l O r g a n i c 
C a r b o n 

O i l and 
G r e a s e 

T o t a l O r g a n i c 
C a r b o n 

O i l and 
G r e a s e 

0-15 0-6 4 . 1 0 . 2 4 6 .0 5 .49 a 

15-30 6-12 1.5 0 .05 6 .5 3 .93 b 

30-46 12-18 0 . 5 8 0 .16 6 .5 • 1 .63 c 

46-61 18-24 0 .37 0 .06 < 0 . 0 1 0 . 7 1 d 

61-76 24-30 0 . 3 7 0 . 0 3 1 .10 0 .38 d 

76-91 30-36 0 .27 0 .04 1.6 0 .62 d 

91-122 36-48 0 . 3 7 0 . 0 5 0 . 3 5 0 .08 d 

122-152 48-60 0 .25 0 .04 0 . 6 0 0 .18 d 

152-183 60-72 0 .19 0 .04 0 .12 0 . 1 3 d 

183-244 72-96 < 0 . 0 1 0 .04 0 .24 0 .07 d 

244-305 96-120 0 . 4 7 0 .04 < 0 . 0 1 0 .06 d 

305-366 120-144 0 .20 0 . 0 1 0 .46 0 .06 d 

T r e a t e d s o i l h y d r o c a r b o n l e v e l d i f f e r s s i g n i f i c a n t l y f r o m u n t r e a t e d s o i l . 

LSD a t 0 .05 = 0 .86 O i l and g r e a s e v a l u e s w i t h d i f f e r e n t l e t t e r s u b s c r i p t s a r e s i g n i f i c a n t l y 

d i f f e r e n t a t the 0 .05 l e v e l . 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 442. 



TABLE 30. TOTAL ORGANIC CARBON AND EXTRACTABLE O I L AND GREASE FOR SOILS FROM S I T E C 

GIVEN IN PERCENTAGE 

UNTREATED S O I L TREATED SOIL 

Depth Depth T o t a l O r g a n i c O i l and T o t a l O r g a n i c O i l and 
(cm) ( i n . ) C a r b o n G r e a s e C a r b o n G r e a s e 

0-15 0-6 4 .0 2 . 7 1 5.5 7 .86 a 

15-30 6-12 2 . 3 0 .16 1 .3 2 . 6 0 b 

30-46 12-18 1.9 0 .96 0 . 7 5 0 .59 c 

46-61 18-24 2 .2 1 .49 1.2 0 .79 c 

61-76 24-30 1.6 2 .12 0 .79 0 .49 c d 

76-91 30-36 0 .5 0 .42 0 . 6 1 0 .44 c d 

91-122 36-4 8 < 0 . 0 1 0 .04 0 . 5 8 0 .06 d 

122-152 48-60 < 0 . 0 1 0 . 1 1 0 . 5 3 0 .49 cd 

152-183 60-72 0 . 0 8 0 . 1 0 0 . 3 3 0 . 3 3 c d 

183-244 72-96 < 0 .01 0 . 0 1 0 .06 0 .02 d 

244-305 96-120 < 0 . 0 1 0 . 0 1 < 0 . 0 1 0 . 0 8 d 

305-366 120-144 0 .66 0 . 0 1 < 0 . 0 1 0 . 0 5 d 

T r e a t e d s o i l h y d r o c a r b o n l e v e l d i d n o t d i f f e r s i g n i f i c a n t l y f r o m u n t r e a t e d s o i l l e v e l . 

LSD a t 0 .05 - 0 . 49 O i l and g r e a s e v a l u e s w i t h d i f f e r e n t l e t t e r s u b s c r i p t ? a r e s i g n i f i c a n t l y 

d i f f e r e n t a t the 0 .05 l e v e l . 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 443. 



TABLE 31 . TOTAL ORGANIC CARBON AND EXTRACTABLE O I L AND GREASE FOR SOILS FROM S I T E D 

GIVEN IN PERCENTAGE 

UNTREATED SOIL TREATED S O I L * 

Depth 

(cm) 

D e p t h 

( i n . ) 
T o t a l O r g a n i c 

C a r b o n 
O i l and 

G r e a s e 
T o t a l O r g a n i c 

' C a r b o n 

O i l and 

G r e a s e 

0-10 0-4 1.4 0 . 1 9 6 . 0 3 .43 a 

10-20 4-8 0 . 5 8 0 . 3 1 1 2 . 0 1.05 b 

20-30 8-12 0 . 6 7 0 .04 0 . 2 0 0 .14 c 

30-46 12-18 0 .59 0 .04 \ 0 . 2 1 0 .06 c 

46-61 18-24 0 . 4 7 0 . 0 7 < 0 . 0 1 0 .05 c 

61-76 2 4 - 3 0 0 . 1 3 0 . 0 6 \ 0 .10 0 .07 c 

76-91 30-36 < 0 . 0 1 0 . 3 1 < 0 . 0 1 0 .06 c 

91-122 36-48 0 .06 0 .08 0 . 1 0 0 .07 c 

122-152 48-60 < 0 . 0 1 0 . 0 8 < 0 . 0 1 0 .10 c 

152-183 60-72 0 .07 0 . 0 1 < 0 . 0 1 0 .06 c 

183-244 72-96 < 0 . 0 1 0 . 0 2 < 0 . 0 1 0 .07 c 

244-305 96-120 0 .05 0 .12 < 0 .01 0 .04 c 

305-366 1 -144 < 0 . 0 1 0 . 2 8 0 .19 0 .07 c 

* 
T r e a t e d s o i l h y d r o c a r b o n l e v e l d i f f e r s s i g n i f i c a n t l y f r o m u n t r e a t e d s o i l . 

LSD a t 0 .05 •= 0 .36 O i l and g r e a s e v a l u e s w i t h d i f f e r e n t l e t t e r s u b s c r i p t s a r e s i g n i f i c a n t l y 

d i f f e r e n t a t the 0 .05 l e v e l . 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 444. 



TABLE 32. TOTAL ORGANIC CARBON AND EXTRACTABLE O I L AND GREASE FOR SOILS FROM S I T E E 

GIVEN IN PERCENTAGE 

Depth 

(cm) 
D e p t h 

( i n . ) 

UNTREATED SOIL TREATED S O I L 

Depth 

(cm) 
D e p t h 

( i n . ) 

T o t a l O r g a n i c 

C a r b o n 
O i l and 

G r e a s e 

T o t a l O r g a n i c 

C a r b o n 

O i l and 

G r e a s e 

- 0 - 3 0 0-12 A . O 0 . 1 0 3 . 3 0 . A 6 

30-A6 12 -18 2 . A 0 . 3 3 1 .0 1 O.AA 

A6-61 18-2A 1.9 0 . A 3 0 . 8 6 0 .12 

61-76 2 A-30 1 .8 0 . A 2 1 .0 0 . 0 6 

76-91 30-36 2 . 0 0 . 1 1 0 . 5 1 0 . 4 0 

91-122 36-A8 1.5 0 . 1 1 0 . 3 6 : 0 .12 

122-152 A 8 - 6 0 0 .5 0 . 0 7 0 . 2 0 0 . 0 3 

152-183 60-72 1.0 0 . 1 1 0 . 2 0 0 . 1 3 

183-2A4 72-96 0 . 2 1 0 ,38 0 .07 0 .06 

244-305 96-120 0 . 1 0 0 .0A < 0 . 0 1 0 .02 

305-366 120-14A 0 . 1 0 0 , 3 1 0 .1A 0 .0A 

Source: H u d d l e s t o n , et a l , ( 1 1 ) , page 4 4 5 . 



1 2 ) . B r o w n , K . W . , L . E . D e u e l , J r . , a n d J . C . Thomas. 
"Land T r e a t a b i l i t y o f R e f i n e r y a n d P e t r o c h e m i c a l 
S l u d g e s . " P r e p a r e d f o r U S E P A O f f i c e o f R e s e a r c h 
and Development. PB 83-247148. A u g u s t , 1983. 

WASTES 

Two o i l y s l u d g e s w e r e u s e d , o n e f r o m a p e t r o l e u m r e f i n e r y 

a n d o n e f r o m a p e t r o c h e m i c a l p l a n t . B o t h o f t h e s l u d g e s 

o r i g i n a t e d i n o i l / w a t e r s e p a r a t o r s . D e t a i l e d a n a l y s e s o f 

t h e w a s t e s w e r e c o n d u c t e d . 

SOILS 

T h e s o i l s u s e d i n t h i s s t u d y v a r i e d f r o m a s a n d y l o a m s o i l 

t o a c l a y s o i l . D e t a i l e d s o i l a n a l y s e s w e r e c a r r i e d o u t . 

WASTE APPLICATION/DESIGN 

T h i s r e s e a r c h was c a r r i e d o u t t o i n v e s t i g a t e l a n d t r e a t m e n t 

o f t w o w a s t e s . I n p a r t i c u l a r , t h e s l u d g e s w e r e s t u d i e d w i t h 

r e s p e c t t o p h y t o t o x i c i t y , b i o d e g r a d a b i 1 i t y , w a t e r s o l u b l e 

c o n s t i t u e n t s , a n d f i e l d m o b i l i t y . T h e r e s e a r c h m e t h o d s 
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c o n s i s t e d o f g r e e n h o u s e , l a b o r a t o r y , a n d f i e l d l y s i m e t e r 

e x p e r i m e n t s . 

T h e s l u d g e s w e r e a p p l i e d t o t h e s o i l a t up t o 10% o n a t o t a l 

w e i g h t b a s i s . T h e r e f i n e r y s l u d g e c o n t a i n e d a p p r o x i m a t e l y 

10% t o t a l e x t r a c t a b l e c a r b o n . T h e w a s t e s w e r e s u r f a c e 

a p p l i e d t o t h e s o i l a n d i m m e d i a t e l y m i x e d i n . 

R E S U L T S 

• L o a d i n g r a t e s a s h i g h a s 2 0 p e r c e n t r e f i n e r y 

s l u d g e b y w e i g h t i n t h e s o i l h a d no a d v e r s e i m p a c t 

o n r y e g r a s s e m e r g e n c e . H o w e v e r a s l i t t l e a s 5 

p e r c e n t o f p e t r o c h e m i c a l s l u d g e b y w e i g h t 

s i g n i f i c a n t l y d e c r e a s e d r y e g r a s s e m e r g e n c e . 

E m e r g e n c e f r o m s u c c e s s i v e p l a n t i n g s i n c r e a s e d 

u n t i l r e a c h i n g t h e c o n t r o l l e v e l s . 

• Y i e l d d e p r e s s i o n s f r o m t h e f i r s t r y e g r a s s h a r v e s t s 

w e r e p r o p o r t i o n a l t o t h e a m o u n t o f s l u d g e a p p l i e d . 

A v e r a g e y i e l d s a t a g i v e n l o a d i n g r a t e c o n t i n u e d 

t o b e l e s s t h e n t h o s e f r o m t h e c o n t r o l s f o r a b o u t 
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f i v e m o n t h s ; s u b s e q u e n t l y , t h e y i e l d s i n c r e a s e d t o 

a l e v e l d e p e n d e n t o n t h e a m o u n t o f s l o w l y 

d e g r a d a b l e o i l y m a t e r i a l s p r e s e n t . 

S 1 u d g e t r e a t e d s o i l s e x h i b i t e d i n c r e a s e d w a t e r 

a d s o r p t i o n t i m e s w h i c h i n d i c a t e d i m p a i r e d p l a n t 

s o i l w a t e r r e l a t i o n s . 

The a d d i t i o n o f e i t h e r w a s t e s t o s o i l i n c r e a s e d 

t h e n u m b e r o f s o i l b a c t e r i a a b o v e t h e n u m b e r 

p r e s e n t i n u n a m e n d e d s o i l p l o t s . B o t h t o t a l s o i l 

b a c t e r i a a n d h y d r o c a r b o n u t i l i z i n g b a c t e r i a w e r e 

s t i m u l a t e d b y t h e a d d i t i o n o f t h e w a s t e o i l , b u t 

t h e i n c r e a s e i n n u m b e r s w a s g r e a t e r f o r 

h y d r o c a r b o n u t i l i z i n g b a c t e r i a . 

T h e a d d i t i o n o f o n e p e r c e n t s l u d g e b y w e i g h t t o 

t h e s o i l p r o d u c e d t h e g r e a t e s t i n c r e a s e i n s o i l 

b a c t e r i a f o r e i t h e r w a s t e . A d d i t i o n s o f f i v e o r 

t e n p e r c e n t o f e i t h e r s l u d g e b y w e i g h t t o t h e s o i l 

r e s u l t e d i n s l i g h t l y l o w e r n u m b e r s o f s o i l 

b a c t e r i a . The a d d i t i o n o f t e n p e r c e n t r e f i n e r y 
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s l u d g e b y w e i g h t w a s f o u n d t o c a u s e a d e c r e a s e i n 

h y d r o c a r b o n u t i l i z i n g b a c t e r i a b e l o w t h e n u m b e r s 

f o u n d i n unamended s o i l p l o t s . 

B i o d e g r a d a t i o n r a t e s o f b o t h t h e r e f i n e r y a n d 

p e t r o c h e m i c a l s l u d g e s i n s o i l w e r e s o i l d e p e n d e n t . 

A t f i e l d c a p a c i t y , maximum b i o d e g r a d a t i o n o c c u r r e d 

i n t h e s a n d y c l a y s o i l , a n d m i n i m u m d e g r a d a t i o n 

o c c u r r e d i n t h e s a n d y c l a y l o a m s o i l . 

T h e a v e r a g e h a l f l i f e o f t h e r e f i n e r y s l u d g e was 

1 3 0 d a y s b a s e d o n c a r b o n d i o x i d e e v o l u t i o n , a n d 

1 4 3 b a s e d o n e x t r a c t a b l e h y d r o c a r b o n s . T h e 

a v e r a g e h a l f l i f e o f t h e p e t r o c h e m i c a l s l u d g e w a s 

6 00 d a y s b a s e d o n c a r b o n d i o x i d e e v o l u t i o n , a n d 

264 d a y s b a s e d o n e x t r a c t a b l e h y d r o c a r b o n s . 

B i o d e g r a d a t i o n r a t e s w e r e n o t c o r r e l a t e d w i t h s o i l 

pH i n t h e r a n g e s t u d i e d ( 5 . 6 t o 7 . 7 ) . 

F i e l d c a p a c i t y w a s t h e o p t i m u m m o i s t u r e c o n t e n t 

f o r t h e d e g r a d a t i o n o f t h e r e f i n e r y s l u d g e , w h i l e 
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a n o p t i m u m m o i s t u r e c o n t e n t f o r d e g r a d a t i o n was 

n o t f o u n d f o r t h e p e t r o c h e m i c a l s l u d g e . B o t h 

s l u d g e s h a d a b r o a d r a n g e o f m o i s t u r e c o n t e n t s 

t h a t h a d l i t t l e i n f l u e n c e o n t h e r a t e o f 

b i o d e g r a d a t i o n . B i o d e g r a d a t i o n r a t e s d e c r e a s e d 

when t h e s o i l m o i s t u r e a p p r o a c h e d s a t u r a t i o n o r 

e x t r e m e l y d r y c o n d i t i o n s . 

T h e C 0 2 e v o l u t i o n r a t e s o f b o t h s l u d g e s 

i n c r e a s e d w i t h i n c r e a s i n g a p p l i c a t i o n r a t e s . 

S m a l l e r i n c r e a s e s i n b i o d e g r a d a t i o n r a t e s p e r 

a m o u n t o f s l u d g e a p p l i e d b e t w e e n 5 a n d 10 p e r c e n t 

s l u d g e b y w e i g h t i n t h e s o i l w e r e f o u n d . 

B i o d e g r a d a t i o n o f t h e s l u d g e s i n s o i l i n c r e a s e d 

t h r o u g h 3 0 ° C e l s i u s a n d d e c r e a s e d s l i g h t l y a t 

4 0 ° C e l s i u s . T h e b i o d e g r a d a t i o n r a t e a t 1 0 ° 

C e l s i u s w a s a p p r o x i m a t e l y h a l f o f t h a t f o u n d a t 

3 0 ° C e l s i u s . 

S m a l l , f r e q u e n t a p p l i c a t i o n s o f b o t h w a s t e s 

y i e l d e d h i g h e r r e s p i r a t i o n r a t e s p e r u n i t o f w a s t e 

a p p l i e d t h e n d i d a s i n g l e e q u i v a l e n t a p p l i c a t i o n . 
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T h e p e t r o c h e m i c a l s l u d g e t h a t had a C : N r a t i o o f 

380 t o 1 e x h i b i t e d t h e g r e a t e s t d e g r a d a t i o n r a t e 

a t a C : N r a t i o o f 1 2 4 t o 1 . B u t t h e r e f i n e r y 

s l u d g e , w h i c h c o n t a i n e d a C : N r a t i o o f 78 t o 1 , 

s h o w e d t h e g r e a t e s t i n c r e a s e i n b i o d e g r a d a t i o n 

r a t e when t h e C : N r a t i o was a d j u s t e d t o 9 t o 1 . 

A d d i t i o n s o f p h o s p h o r u s a n d p o t a s s i u m e i t h e r a l o n e 

o r w i t h n i t r o g e n d i d n o t g r e a t l y e f f e c t t h e r a t e s 

o f b i o d e g r a d a t i o n o f e i t h e r w a s t e . F i e l d d a t a d i d 

c o n f i r m i n c r e a s e d b i o d e g r a d a t i o n r e s u l t i n g f r o m 

n i t r o g e n f e r t i l i z a t i o n . 

T h e w a t e r s o l u b l e f r a c t i o n o f t h e A P I s e p a r a t o r 

s l u d g e s w a s p r e d o m i n a n t l y c o m p o s e d o f a r o m a t i c 

c o m p o u n d s , m o s t l y m o n o - a n d d i a r o m a t i c s s u c h a s 

p h e n o l s a n d n a p t h a l e n e s . 

T h e w a t e r s o l u b l e o r g a n i c compounds i n t h e s l u d g e s 

w e r e f o u n d t o m o v e o n s o i l - t h i n l a y e r 

c h r o m a t o g r a p h y p l a t e s a s a g r o u p , w i t h m o b i l i t i e s 

r e l a t i v e t o w a t e r o f o n e f o r a l l 
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g r o u p s s t u d i e d e x c e p t t h e h i g h e r m o l e c u l a r w e i g h t 

p h t h a l a t e s . M o b i l i t i e s may h a v e r e s u l t e d f r o m t h e 

a p p l i c a t i o n e x c e e d i n g t h e a d s o r p t i o n c a p a c i t i e s o f 

t h e s o i l . 

D e g r a d a t i o n o f r e f i n e r y a n d p e t r o c h e m i c a l s l u d g e s 

a p p l i e d t o s o i l s i n l y s i m e t e r s u n d e r f i e l d 

c o n d i t i o n s s h o w e d t h a t d e g r a d a t i o n was g r e a t e s t 

o v e r t h e s u m m e r m o n t h s , J u n e t o A u g u s t . 

D e g r a d a t i o n d i d c o n t i n u e o v e r t h e w i n t e r m o n t h s , 

D e c e m b e r t o F e b r u a r y , b u t a t r e d u c e d r a t e s . S o i l 

t e m p e r a t u r e s a t 6 . 4 c e n t i m e t e r s f r o m t h e s o i l 

s u r f a c e w e r e 2 5 t o 3 0 ° C e l s i u s i n t h e s u m m e r , 

a n d 5 t o 1 0 ° C e l s i u s i n t h e w i n t e r . 

Gas l i q u i d c h r o m a t o g r a p h i c s c a n s s h o w e d m a t e r i a l s 

r e s o l v e d a s p e a k s t o be more r a p i d l y d e g r a d e d t h a n 

m o r e c o m p l e x , h i g h e r m o l e c u l a r w e i g h t m a t e r i a l s 

c h r o m a t o g r a p h e d a s a n u n r e s o l v e d c o n e . P e a k s 

r e p r e s e n t e d p r i m a r i l y s a t u r a t e s a n d d i - a n d 

t r i - a r o m a t i c s w h i l e t h e c o n i c a l a r e a was m a i n l y 

c o m p o s e d o f h i g h e r c o n d e n s e d p o l y n u c l e a r a r o m a t i c s 
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w i t h m o c u l e a r w e i g h t s o v e r 250 g r a m s p e r m o l e a n d 

c a r b o n n u m b e r s i n e x c e s s o f 1 9 . 

• W h i l e t h e m a j o r i t y o f o r g a n i c s a p p l i e d t o t h e s o i l 

w e r e d e g r a d e d o r r e t a i n e d w i t h i n t h e z o n e o f 

i n c o r p o r a t i o n , m e a s u r a b l e l e v e l s o f o r g a n i c s 

( g r e a t e r t h e n 1 m i l l i g r a m p e r k i l o g r a m ) m i g r a t e d 

b e l o w t h e z o n e o f i n c o r p o r a t i o n . 

• M o b i l i t y o f o r g a n i c c o n s t i t u e n t s was g r e a t e s t i n 

t h e s a n d y l o a m t e x t u r e d s o i l a n d l e a s t i n t h e c l a y 

t e x t u r e d s o i l . 

• L e a c h a t e s a m p l e s c o l l e c t e d 1 6 0 c e n t i m e t e r s b e l o w 

t h e z o n e o f i n c o r p o r a t i o n w e r e f r e e o f d e t e c t a b l e 

o r g a n i c o r h y d r o c a r b o n c o n t a m i n a n t s . 

T A B L E S AND F I G U R E S 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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TABLE 1. PHYSICAL PROPERTIES OF SOIIS UTILIZED IN GREENHOUSE STUDY 

Soil Sand 
X 

S i l t 
X 

Clay 
X 

Texture 
USDA 

Bulk Density 
(g cm-3 ) 

Percent Water 
Retention (v/v) 

CEC° Carbon pH 
Soil Sand 

X 
S i l t 

X 
Clay 

X 
Texture 
USDA FC* WP+ 0D« SAT* FC WP Heq/lOOq X 

Bastrop 60.3 10.0 29.7 SCL 1.49 1.67 1.76 37.0 30.4 10.9 27.4 1.0 6.!*-, 

Lakeland 81.) 4.5 14.4 SL 1.38 1.39 1.39 43.6 10.0 2.8 0.3 0.4 6.5 

Nacogdoches 41.8 12.9 45.3 C 1.4 17.2 1.3 5.6 

Norwood 48.2 15.2 36.6 SC 1.44 1.48 1.49 40.0 31.8 10.8 19.6 1.4. 7.7 

* FC - Field capacity 

« WP » Wilting point 

OD » Oven dry 

* SAT* Saturated 

a C£C= Cation exchange capacity 

Source: Brown, et a l , ( 1 2 ) , page 14. 



TABLE 2. CHARACTERISTICS OF THE TWO API PIT WASTE 
MATERIALS 

Refinery Petrochemical 

Dens i t y 1 .22g cm^ 1 . 15 g cm 
Cd 3 . 3 ppm 4 . 5 ppm 
Cr 51 . 0 ppm 134 . 2 ppm 
Cu 227 . 7 ppm 35 . 8 ppm 
Pb 14 . 1 ppm 20 . 9 ppm 
Ni 14 . 1 ppm 924 .4 ppm 
Se 9 . 2 ppm 9 . 7 ppm 
Na 1 , 734 . 8 ppm 1 , 252 . 4 ppm 
Va 6 . 5 ppm 14 . 9 ppm 
Zn 555 . 2 ppm 656 . 0 ppm 
Percent H,,0 46 .0 X 12 . 0 X 

Pentane e x t r a c t a b l e 72 . 0 X 63 . 0 X 

Benzene e x t r a c t a b l e 22 .0 % 36 . 0 X 

CH,C1„ e x t r a c t a b l e 6 .0 X 1 . 0 X 
„ J . , 2 
Residue 49 . 3 W A> 42 . 8 X 

Ash 41 .0 X 25 .0 X 

S u l f u r 0 . 9 err 
& 0 . 4 X 

T o t a l N 0 . 1 X 0 .11% 
T o t a l e x t r a c t a b l e C 10 .0 X 62 . 0 X 

T o t a l Carbon 7 . 3 X 42 .4 X 

3 

Source: Brown, et a l , ( 1 2 ) , page 15. 
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T A B L E 4. R E L A T I V E Y I E L D S O F S L U D G E AMENDED S O I L S F R O M T H E F I R S T H A R V E S T (34 DAYS 

F O L L O W I N G A P P L I C A T I O N ) AND T H E 8TH H A R V E S T ( 437 DAYS F O L L O W I N G A P P L I C A T I O N ) 

P e r c e n t 

W a s t e D a y 34 

B a s t r o o 

D a y 437 

R E F I N E R Y 

L a k e l a n d 

D a y 34 D a y 4 3 7 

N a c o g d o c h e s 

D a y 34 D a y 4 3 7 

N o r w o o d 

D a y 37 .Oay 4 37 

0 1 0 0 a * 1 0 0 a 1 0 0 a 1 0 0 a 1 0 0 a 1 0 0 a 1 0 0 a 1 0 0 a 

5 4 9 b 9 T a b 7 8 a b 8 0 a b 6 4 a l , 107a 65b 81a 

10 3 0 c 7 7 b 3 5 b 8 7 a 3 7 b c 
78b 45c; 9 3 a 

20 22 c 74b 23b 8 5 a 
1 3 c 6 7 b 

2 2 d 103., 

P E T R O C H E M I C A L 

0 1 0 0 a 1 0 0 a 1 0 0 a 1 0 0 a 1 0 0 a 
1 0 0 a 1 0 0 a 

1 0 0 a 

5 2 7 b 8 7 a b 55'qb ' 1 0 1 a 

2 9 b 1 0 4 a 2 b \ 5 6 a b 

10 3c 55b l b 9 7 a l c 7 7 b 
Ob 44b 

20 Oc " 54b Ob 60b 0 C 4 6 c 
Ob 24b 

* V a l u e s i n a g i v e n c o l u m n f o l l o w e d b y t h e s a m e l e t t e r d o n o t d i f f e r s i g n i f i c a n t l y a t t h e 5% l e v e l . 

Source: Brown, et a l , ( 1 2 ) , page 20. 



PETROCHEMICAL 

REFINERY 

TIME (days) 
F i g u r e 2. R e l a t i v e Y i e l d s o f R y e g r a s s w i t h T i m e f r o m R e f i n e r y a n d 

P e t r o c h e m i c a l S l u d g e A m e n d e d S o i l s . 

S o u r c e : Brown, et a l , ( 1 2 ) , page 22. 
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TABLE 6. AVERAGE ABSORPTION TIME OF WATER DROPLETS 
APPLIED TO SLUDGE-AMENDED SOILS MEASURED 
291 AND 350 DAYS FOLLOWING SLUDGE APPLICA
TION (VALUES REPORTED ARE AVERAGES OVER ALL 

SOILS) 

ABSORPTION TIME (SEC) 

Loading Refinery Waste Petro ch em i c a l Waste 
Rate Day 291 Day 350 Day 291 Day 350 
( Z ) 

0 
* 

0 .6c 0 . 6c 1 . 3b 0 . 7d 

5 8 . 2bc 16.4bc 27 . lb 36.8c 

10 35.4b 37 . 6b 12 4.1a 80 . 6b 

20 75 . 8a 66 . 8a 149.8a 107.2a 

* Values in a given column followed by the same l e t t e r 
do not d i f f e r s i g n i f i c a n t l y at the 5% l e v e l . 

Source: Brown, e t a l , ( 1 2 ) , page 24. 
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TABLE 7. CHEMICAL CHARACTERISTICS OF SOILS UTILIZED 
IN BIODEGRADATION EXPERIMENTS 

S o i l Series N P 

Bastrop ITo 25 

Lakeland 42 20 

Nacogdoches 47 3 

Norwood 70 94 

K Ca Mg 

ppm • • • 

lOO 2 , 920 385 

200 600 100 

164 1,280 400 

312 >4,000 485 

Source: Brown, et a l , ( 1 2 ) , page26. 
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TABLE 10. THE INFLUENCE OF TEMPERATURE ON CO EVOLUTION 
FROM SLUDGE-AMENDED SOIL 

Total 

Carbon Biodegradation 

Applied Analytical Percent of fWaste Applied 

Waste (g) Method 10°C 30°C 40°C 

R e f i n e r y 0.07 C0 2 e v o l u t i o n 36 59 42 

Residual C 25 62 49 

Petrochemical 0.42 C0 2 e v o l u t i o n 9 18 13 

Residual C 12 26 21 

S o u r c e : Brown, et a l , ( 1 2 ) , page 38. 
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TABLE 11. THE INFLUENCE OF LOADING RATE ON THE 
BIODEGRADATION OF BOTH WASTES APPLIED TO NORWOOD SOIL 
AND INCUBATED AT 30 AND 40 C AT 13% MOISTURE FOR 180 

DAYS 

Waste 
Loading 
Rate (%) 

Carbon 
Applied (mg) 

% Biodegradation 
as Determined 

by Evolved 
co 2 -c 

Average 
Biodegra

dation Rate 
Mg C02/g/day 

Re f i n e r y Waste 

1 Load ing 0 . 1 
0 . 5 
1.0 
5 . 0 

10 . 0 

7 
35 
70 

350 
700 

15 
85 
51 
60 
41 

40 
101 
114 
436 
575 

Petrochemical Waste 

1 Loading 0 . 1 
0.5 
1 . 0 
5 .0 

10 . 0 

42 
210 
420 

2100 
4200 

10 
9 

16 
15 
9 

31 
10 

173 
524 
69 6 

Source: Brown, et a l , ( 1 2 ) , page 42. 
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TABLE 12. BIODEGRADATION OF TWO WASTES APPLIED TO NORWOOD 
SOIL AT DIFFERENT FREQUENCIES. ALL SOILS WERE 

MAINTAINED AT FIELD CAPACITY AND 30 C. 

Rate 

(%) 

Numbers of 

Applications 

Total Carbon 

Applied CO, 

(mg) 

% Biodegradation 

as Determined by 

Evolution Residual 

Carbon 

Refinery Waste 

5 1 
5 2 

10 1 
5 4 

350 
700 
700 

1400 

63 
47 
46 
27 

63 
46 
24 
34 

Pe trochemica1 
Waste 

5 
5 

10 
5 

1 
2 
1 
4 

2100 
4200 
4200 
8400 

15 
12 
9 
9 

34 
32 
18 
21 

Source: Brown, et a l , ( 1 2 ) , page 45. 
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TABLE 14. THE EFFECT OF MINERAL NUTRIENTS ON RESIDUAL 
CARBON IN WASTE AMENDED SOIL AFTER 161 DAYS 

INCUBATION 

Mineral 

Nutrients 

Residual Hydro

carbon (gin) 

% Biodegradation as 

Determined by 

Residual Hydro

carbon 

co 2 

Evolution 

Refinery Sludge: T o t a l carbon applied 0.35 g 

None 
C : P 
C : NPK 
C : N 

78: 1 
40: 1 
40 : 1 
9: 1 

0 . 18 
0.12 
0 
0 

14 
10 

63 
76 
72 
80 

60 
71 
74 
82 

Petrochemical Sludge: Total carbon applied 2.1 g 

None 
C : P 
C : NPK 
C: N 

380: 1 
124: 1 
124: 1 
23 : 1 

2 .06 
1 . 76 
1 . 56 
1 . 76 

34 
43 
50 
43 

15 
13 
18 
13 

Source: Brown, et a l , ( 1 2 ) , page 48. 
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TABLE 15. MICROBIAL POPULATION IN THE NORWOOD SOIL 180 
DAYS FOLLOWING WASTE APPLICATION OF DIFFERENT 

AMOUNTS OF TWO OIL WASTES. 

g. Total Total 
Hydroc./ Viable Viable Hydro-

lOOg Soil carbon U t i l i -
Soil Bacteria zing bacteria 

Waste CFU/g 
Ap
plied 

H.U.B./ Total Hydro- Total 
x 100/ Soil Fungi carbon Soil 
/TVH (CFU/g) U t i l i z - F/ 

ing H.U.F. 
Fungi 
(CFU/g) 

% x 10" x 10" x 10 x 10 

Re f i n e r y 

0 0 4.1 0 .46 11 7.9 0 . 63 8 
1 0.10 10.9 1 . 50 14 13.0 5 . 70 44 
5 0.50 6.2 1 . 10 18 ' - - -
10 1.00 6.0 0 . 29 5 2.1 0 . 21 10 

Pe t ro ch emi c a 1 

0 0 4.1 0 .05 1 7.9 0 . 50 6 
1 0. 62 80 . 0 4. 30 5 4.2 2.10 50 
5 3.10 79.0 .5.20 7 6.3 1 . 40 22 
10 6.20 6 2.0 1 . 20 2 0.13 0 .10 77 

Refinery 
Waste 0 . 94 0 . 83 88 0.01 0 .01 100 

Petrochemi -

c a l Was te 0 . 10 0 .05 50 0 .43 0 .03 6 

Source: Brown, e t a l , ( 1 2 ) , page 50. 
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I 0 0 r • Refinery 

* Petrochemical 

10 

% Waste Applied 

Figure 19- Total s o i l bacteria in Norwood s o i l amended with d i f ferent 
amounts of both wastes a f ter incubation at 40 C and 10% 
moisture for 130 days. 

• Refinery 
* Petrochemical 

% Waste Applied 

Figure 20. Total hydrocarbon u t i l i z i n g bacteria in Norwood s o i l amended 
with d i f f erent amounts of both wastes after incubation at 40 C 
and 13H moisture for 130 days. 

Source: Brown, et a l , ( 1 2 ) , page 51. 



TABLE 16. CHARACTERISTICS OF WASTE BEFORE AND AFTER 180 
DAYS INCUBATION AT 30 C AT AN APPLICATION RATE 

OF 5% (WT/WT) TO A NORWOOD SOIL 

Extractable Hydrocarbons (raft) 

Total Petroleum 
Ether 

Petroleum Ether: 
Dichloromethane 

Dlchloro-
methane 

Cumulative 
C£>2 - C 
Evolved 

Refinery Carbon applied 500 396 121 33 350 
Waste 

240 Carbon res idual 183 90 66 27 240 

% Carbon degraded 63 77 45 18 69 

Pecrochemical Carbon applied 3,100 1,953 1,085 62 2,100 
Waste 

310 Carbon res idual 2,060 1,188 82 7 45 310 

7* Carbon degraded 34 39 24 27 15 

Source: Brown, et a l , ( 1 2 ) . page 53. 
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TABLE 17. HALF-LIFE OF ORGANIC SUBFRACTIONS OF BOTH 
WASTES 

H a l f - l i f e (Days) 

C0 9 - C E-.ctractable Petroleum Petroleum Ether: 
Evolved Hydrocarbons Ether Dlchloromethane Dichloromethane 

( T n r a l ) ( S a t u r a t e ) ( A r o m a t i c ' ) ( C o n d e n s e d R i n g 1 ) 

Refinery Uaste 130 1*3 116 119 500 

Petroleum Waste 600 264 . 231 375 333 

S o u r c e : Brown, et a l , ( 1 2 ) , page 54 

140 



TAULE 1U. WATER SOLUBLE FRACTIONS FROM VARIOUS PETROLEUM STOCKS 

C r u d e , f u e l , and 
C r u d e o i l t c r a n k c a s e o l l i Gas o i l I bunker f u e l o l l j 

benzene 

a l k y l a t e d 
benzenes 

n a p h t h a l e n e 

a l k y l a t e d 
n a p h t h a l e n e 

monomethyl -
n u p h t h a l e n e 

t e t r a h y d r o -
n a p h t h a l e n e 

p h e n o l 

m- o r p - c r e s o l 

low [u.u. p a r a f f i n s 

h i g h b o i l i n g 
u n r e s o l v e d 

benzenes 

naphtha] ones 

phenols 

b l p h e n y l s 

lndanu 

t e t r a l l n s 

a n l l e n e s 

q u l n o l e n e s 

Indo le s 

b e n z o t h l o p h e s 

p h c h a l l d a s 

b c n z a l d e h y d e s 

a r o m a t i c k e t o n e s 

iiici h y l h e n z e n e s 

e t h y l b e n z c n c s 

n a p h t h a l e n e s 

m e t h y l n a p h t h a i e n e s 

t c t r a h y d r o n a p h t h n l e n e 

p r o p y l b e n z e n e s 

hucy1 benzenes 

e t h y l - i u e t l i y i b e n z e n e s 

1 sxl.m 

n a p h t h a l e n e 

m e t h y l n a p h t h a l e n e a 

p h e n o l 

o - and p - c r e s o l 

x y l e n o l s 

ace tophenone 

2 - p h e n y l - 2 - p r o p a n o l 

t D u f f y e t a l . (1977) und L a r s o n and U e s r o n (1976) 
S W i n t e r s a n d P a r k e r (1977) 
* K a p p e l e r and Uuhnuann (1978) 
'J Guard e t a l . (1975) 

Source: Brown, et a l , ( 1 2 ) , page 60. 
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T A B L E 22. WATER SOLUBLE FRACTION OF AN A P I O I L - W A T E R SEPARATOR SLUDGE. THE 
THREE EXAItPLES WERE ADJUSTED WITH H C l , NOT A D J U S T E D , AND ADJUSTED 

WITH NaOH, R E S P E C T I V E L Y , BEFORE P A R T I T I O N I N G INTO BENZENE 

R e t e n t i o n M o l e c u l a r 
time (min) weight pH 2 pH 7.6 pH 12 

8.6 128 naphthalene 
10. 9 134 2,3-benzothiophene 
12. 5 142 n-methylnaph- n-methylnaph-

th a l e n e t h a l e n e 
15.2 148 niethylbenzo- methylbenzo-

thiophene thiophene 
19. 0 156 n,n'-dimethyl- n,n'-dimethyl-

naphthalene naphthalene 
19.0 132 indan-l-one indan-l-one indan-l-one 
20.2 94 phenol 
20. 7 108 c r e s o l 
22.7 170 t r i m e t h y l - t r i m e t h y l -

naphthalene naphthalene 
22 . 7 154 acenaphthene acenaphthene 
22.7 134 d i m e t h y l b e n z a l - d i m e t h y l b e n z a l - d i m ethylbenzal-

dehyde dehyde dehyde 
23.7 122 x y l e n o l x y l e n o l 
26.6 122 methyl p - c r e s y l 

e t h e r 
27.9 136 m e t h y l - e t h y l 

phenol 

Source: Brown, et a l , ( 1 2 ) , page 71. 



T A B L E 22. (CONTINUED) 

R e t e n t i o n M o l e c u l a r 
time (min) weight pH 2 pH 7.6 pll 12 

28.5 168 

29.6 136 

43.9 178 
47.7 278 

64.5 167 
64.5 181 
65.0 390 

70.9 390 

t r i m e t h y l -
phenol 

d i b u t y l 
p h t h a l a t e 

c a r b a z o l e 
m e t h y l c a r b a z o l e 

n-methyl-
b i p h e n y l 

t r i m e t h y l -
phenol 

phenanthrene 
d i b u t y l 
p h t h a l a t e 

d i - 2 - e t h y l h e x y l -
p h t h a l a t e 

b i s - ( o c t - n - y l ) -
p h t h a l a t e 

t r i m e t h y l -
phenol 

d i b u t y l 
p h t h a l a t e 

c a r b a z o l e 
m e t h y l c a r b a z o l e 
d i - 2 - e t h y l h e x y l -
p h t h a l a t i i 

b i s - ( o c t - n - y l ) -
p h t h a l a t e 

Source: Brown, et a l , ( 1 2 ) , page 72. 



TABLE 26. COMPOSITION OF REFINERY SLUDGE (RS) IN 
PERCENT OF WET WEIGHT 

Parame t e r 

* 
Percent of 

Bulk Sludge (w/w) 

Water 45 . 7 

Soxhlet E x t r a c t a b l e ( T o t a l ) 9.93 

Pentane f r a c t i o n 7.17 

Benzene f r a c t i o n 2 . 20 

Dichloromethane f r a c t i o n 0 . 56 

Residue 

A i r dry 40 . 6 

Stable to 750 C 37.8 

Su l f u r 0 . 88 

Nitrogen 0.09 

Carbon (wet combustion) 7 . 3 

* Average of m u l t i p l e determinations. 

Source: Brown, et a l , ( 1 2 ) , page 101. 
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TABLE 27. COMPOSITION OF PETROCHEMICAL SLUDGE (PS) 
IN PERCENT OF WET WEIGHT 

* 
Percent of 

Parameter Bulk Sludge (w/w) 

Water 11 . 9 

Soxhlet E x t r a c t a b l e ( T o t a l ) 62 .0 

Pentane f r a c t i o n 39 .4 

Benzene f r a c t i o n 21 . 9 

Dichloromethane f r a c t i o n 0 . 7 

Residue 

A i r dry 25 . 1 

Stable to 750 C 8 . 2 

S u l f u r 0 .39 

Nitrogen 0 .11 

Carbon 42 .4 

* Average of m u l t i p l e determinations. 

Source: Brown, et a l , ( 1 2 ) , page 1 0 2 . 
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Figure 38. Relationship between retention time and molecular weight of known 
compounds. 

Source: Brown, et a l , ( 1 2 ) , page n o . 
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Figure 3'J. ItiilatloiialiJ p llctweon UoCenC I on Tlum ;nnl Cai liou Number of Known Compounds. 

Source: Brown, et a l , ( 1 2 ) , page 112. 
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Figure 42. Hydrocarbon distribution with time for refinery sludge amended Nacogdoches s o i l . 
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Source: Brown, et a l , (12) , 132. 
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Source: Brown, et a l , ( 1 2 ) , page 137. 

155 



1 3 ) . H a b i b a f s h a r , A . " D e t e r m i n a t i o n o f V o l a t i l e 
H y d r o c a r b o n E m i s s i o n s f r o m L a n d T r e a t m e n t o f 
P e t r o l e u m O i l y S l u d g e s . " A D i s s e r t a t i o n t o the 
U n i v e r s i t y o f Oklahoma. 1983. 

WASTES & SOILS 

T h e w a s t e s i n v e s t i g a t e d w e r e a l l API s e p a r a t o r s l u d g e s , 

a l t h o u g h f r o m d i f f e r e n t r e f i n e r i e s . O n l y o n e s o i l was 

u s e d i n t h i s s t u d y , b u t s o i l t y p e was n o t r e p o r t e d . 

WASTE APPLICATION/DESIGN 

T h i s s t u d y c o n s i s t e d o f b o t h l a b o r a t o r y a n d f i e l d w o r k . 

W a s t e a p p l i c a t i o n s t o t h e s o i l w e r e m a d e i n f o u r 

d i f f e r e n t n u m b e r s o f a p p l i c a t i o n s . T h e f i r s t 

a p p l i c a t i o n r a t e w a s a s i n g l e a p p l i c a t i o n g i v i n g 3 

p e r c e n t o i l b y w e i g h t i n t h e s o i l . T h e s e c o n d 

a p p l i c a t i o n r a t e h a d t w o a p p l i c a t i o n s o f o i l t o g i v e 6 

p e r c e n t o i l by w e i g h t i n t h e s o i l o n a w e i g h t b a s i s . 

T h e t h i r d a p p l i c a t i o n r a t e i n v o l v e d s i x a p p l i c a t i o n s o f 

o i l t o g i v e 10 p e r c e n t o f o i l b y w e i g h t i n t h e s o i l . 

T h e f o u r t h a p p l i c a t i o n r a t e c o n s i s t e d o f 1 2 
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a p p l i c a t i o n s o f t h e w a s t e t o g i v e 13 p e r c e n t b y w e i g h t 

o i l i n t h e s o i l . 

T h e f o l l o w i n g v a r i a b l e s w e r e s t u d i e d t o d e t e r m i n e t h e i r 

e f f e c t o n v o l a t i l e e m i s s i o n s f r o m t h e w a s t e s : v o l a t i l i t y o f 

t h e s l u d g e s ; l o a d i n g r a t e o f t h e s l u d g e s t o t h e s o i l ; s o i l 

t e m p e r a t u r e ; s o i l m o i s t u r e c o n t e n t ; r e l a t i v e h u m i d i t y ; a n d , 

e f f e c t s o f t i l l i n g . 

R E S U L T S 

• A p o s i t i v e c o r r e l a t i o n w a s f o u n d b e t w e e n 

s l u d g e v o l a t i l i t y b a s e d on s t r i p p i n g t e s t s , 

a n d v o l a t i l e e m i s s i o n s f r o m t h e l a n d 

t r e a t m e n t a r e a s . T h e s l u d g e v o l a t i l i t y was 

f o u n d t o be t h e m o s t i m p o r t a n t p a r a m e t e r i n 

p r e d i c t i n g v o l a t i l e e m i s s i o n s f r o m l a n d 

t r e a t m e n t p l o t s . 

• A p o s i t i v e c o r r e l a t i o n was f o u n d b e t w e e n t h e 

l o a d i n g r a t e o f t h e s l u d g e t o t h e s o i l a n d 
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v o l a t i l e e m i s s i o n s f r o m t h e l a n d t r e a t m e n t 

a r e a s . 

V o l a t i l e e m i s s i o n s w e r e h i g h e r a t h i g h e r 

a m b i e n t t e m p e r a t u r e s . 

A p o s i t i v e c o r r e l a t i o n was f o u n d b e t w e e n s o i l 

m o i s t u r e c o n t e n t a n d v o l a t i l e e m i s s i o n s . 

R e l a t i v e h u m i d i t y h a d a n i n v e r s e c o r r e l a t i o n 

t o v o l a t i l e e m i s s i o n s . 

T i l l i n g w a s f o u n d t o i n c r e a s e t h e v o l a t i l e 

e m i s s i o n s f o r s h o r t p e r i o d s o f t i m e , h o w e v e r , 

t h e a u t h o r b e l i e v e d t h a t t i l l i n g u l t i m a t e l y 

d e c r e a s e d t h e v o l a t i l e e m i s s i o n s . N o 

e x p l a n a t i o n was g i v e n . 

No m o r e t h a n 6 . 5 p e r c e n t o f t h e t o t a l a p p l i e d 

o i l t o t h e s o i l was v o l a t i l i z e d i n any o f t h e 

f i e l d s t u d y p l o t s d u r i n g t h e s i x m o n t h s t u d y 

p e r i o d . 
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S t a t i s t i c a l l y v a l i d e m p i r i c a l r e l a t i o n s h i p s 

w e r e d e v e l o p e d t o p r e d i c t v o l a t i l e o r g a n i c 

c a r b o n e m i s s i o n s f r o m s u r f a c e a p p l i c a t i o n o f 

t h e w a s t e s u n d e r many c o n d i t i o n s . 

M o s t t r i a l r u n s e x h i b i t e d a n i n i t i a l p e a k 

c o n c e n t r a t i o n o f v o l a t i l e e m i s s i o n s 

i m m e d i a t e l y a f t e r a p p l i c a t i o n t o t h e s o i l , 

f o l l o w e d b y a n e x p o n e n t i a l d e c a y i n 

c o n c e n t r a t i o n s . S o m e e x p e r i m e n t a l r u n s 

e x h i b i t e d a n i n i t i a l h i g h c o n c e n t r a t i o n , a 

d e c r e a s e , a n d t h e n a h i g h e r p e a k 

c o n c e n t r a t i o n f o l l o w e d b y a n e x p o n e n t i a l 

d e c a y . 

F o u r t e e n s p e c i f i c o r g a n i c p o l l u t a n t s w e r e 

f o u n d t o a c c o u n t f o r 8 . 6 t o 3 2 % o f t h e 

v o l a t i l e o r g a n i c e m i s s i o n s i n t h e l a b o r a t o r y 

t e s t s . T h e s e f o u r t e e n c o m p o u n d s w e r e : 

p e n t a n e , c y c l o p e n t a n e , h e x a n e , 

m e t h y l c y c l o p e n t a n e , b e n z e n e , 
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2 , 4 - d i m e t h y l p e n t a n e , c y c l o h e x a n e , 

3 - m e t h y l h e x a n e , m e t h y l c y c l o h e x a n e , 

2 , 5 - d i m e t h y l h e x a n e , 2 , 3 , 4 - t r i m e t h y l p e n t a n e , 

3 - m e t h y l h e p t a n e , 2 , 2 , 5 - t r i m e t h y l h e x a n e , 

1 , 4 - d i m e t h y l b e n z e n e . 

• O t h e r o r g a n i c c o m p o u n d s w e r e i d e n t i f i e d b u t 

n o t q u a n t i f i e d i n t h e v o l a t i l e e m i s s i o n s f r o m 

t h e s o i l p l o t s . T h e s e c o m p o u n d s w e r e : 

p r o p a n o l , 2 - p r o p a n o n e , 2 - b u t a n o n e , 

2 - p e n t a n o n e , c y c l o h e x a n o l , e t h y l c y c l o p e n t a n e , 

2 - m e t h y l - l - p e n t a n o l , a n d 

1 , 1 - d i m e t h y l c y c l o p e n t a n e . 

T A B L E S AND F I G U R E S 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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T a b l e 18 S t r i p p i n g T e s t R e s u l t s * 

Stripping Reading from sniffer Area Mass of Cumulative Wt** Cumulative 
Time (min.) Direct Calculated Count Volatiles Mass Loss Wt. Loss 

(ppm) (mg/min.) (mg) (mg) (mg) (mg) 

<1 3200 22.76 
5 2000 14.23 
10 1500 10.67 37 148 148 278.4 278.4 
15 1200 8.54 
20 1000 7.11 20.5 82 230 169.3 447.7 
25 900 6.40 
30 600 4.27 14.5 58 288 154.8 602.5 
40 380 2.40 9.0 36 324 87.3 689.8 
45 310 2.21 
50 300 2.13 5.5 22 346 85.3 775.1 
55 230 1.63 
60 190 1.35 4.0 16 362 65.0 840.1 
65 140 .99 
70 110 .78 3.0 12 374 61.7 901.8 
80 80 .57 1.9 7.6 381.6 36.7 938.5 
90 30 .21 1.0 4.0 385.6 8.3 946.8 
100 20 .14 .7 2.5 388.1 4.5 951.3 
110 .2 .1 388.1 3.9 955.2 

Air flow through the sludge = 2.02 1/min. 

** I n i t i a l wt. of sludge = 11045.3 gr. 

% wt. loss of sludge = 8.5 

Source: H a b i b a f s h a r , ( 1 3 ) , page 63. 



10 20 30 40 50 60 70 80 00 100 1 10 

Time (min) 

F i g u r e 11 C a l c u l a t e d T o t a l V o l a t i l e E m i s s i o n o f S l u d g e 
S a m p l e v s T i m e 

Source: H a b i b a f s h a r , ( 1 3 ) , page 64. 



Cumula t ive weight loaa of s l u d g e (mg) 

F i g u r e 12 R e l a t i o n s h i p B e t w e e n C u m u l a t i v e T o t a l V o l a t i l e M a s s 
a n d S l u d g e W e i g h t L o s s 

Source: H a b i b a f s h a r , ( 1 3 ) , page 65. 



T i m * (Hour* ) 

F i g u r e 13 The E f f e c t o f L o a d i n g R a t e a n d T i l l i n g F r e q u e n c y o n 
E m i s s i o n i n L a b o r a t o r y E x p e r i m e n t s a t 6 0 ° F 

Source: H a b i b a f s h a r , ( 1 3 ) , page 67. 



10/12 10/14 10/16 10/16 10/21 10/22 

Time (Days) Sampling Date (1683) 

F i g u r e 14 T h e E f f e c t o f L o a d i n g R a t e a n d T i l l i n g o n T o t a l H y d r o c a r b o n 
L o s s i n F i e l d S t u d i e s 

Source: H a b i b a f s h a r , ( 1 3 ) , page 68. 



F i g u r e 15 R a t e o f E m i s s i o n o f V o l a t i l e s i n F i r s t Two H o u r s A f t e r 
A p p l i c a t i o n o f T e m p e r a t u r e 3 5 ° F a n d 6 0 ° F 

Source: H a b i b a f s h a r , ( 1 3 ) , page 70. 
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• Loading Rate = 3 % 

Loading Rate = 6% 

4 Loading Rate = 10% 

Tempera ture 8 6 * F 

T 
60 120 

Time (minutea) 

F i g u r e 16 R a t e o f E m i s s i o n o f V o l a t i l e s i n F i r s t 
Two H o u r s A f t e r A p p l i c a t i o n a t T e m p e r 
a t u r e 8 5 ° F 

Source: H a b i b a f s h a r , ( 1 3 ) , page 71. 
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T a b l e 19 T o t a l V o l a t i l e L o s s f r o m F i e l d D a t a 

Date o f P l o t N o m i n a l A p p l , S l u d g e 6 T I V o l a t i l i t y T o t a l T o t a l T o t a l T o t a l T o t a l No. 
A p p l . No. Loading No. Appl i ed Appl ied of Sludge Loss Loss Loss Loss of Days 

Rate (kg) (kg) (*) in-2 n r . in-1 d i n 7 d Since Since 
(kg) (kg) (kg) Appl . (kg) A p p l . 

07/19/82 1 13 1 230 .3 195 .755 .220 .923 3. 073 8. 173 29 
08/17/82 1 13 2 230 .3 195 .755 8 0 .070 .320 2. 090 6. 990 24 
09/10/82 1 13 3 230 .3 195 .755 7 a .053 .620 2. 800 11. 250 34 
10/14/82 1 13 4 262 .2 157 .320 13 6 .530 2 .550 6. 050 9. 790 18 
11/02/82 1 13 5 262 .2 157 .320 12 5 .903 3 .990 8. 700 11. 700 15 
11/17/82 1 13 6 206 .53 163 .158 9 1 .130 .630 2. 130 4. 530 33** 
Subtotal 1421 83 1065 .063 1.906 9 .033 24. 843 5i. 433 153 

07/13/82 4 3 1 45 .31 38 .513 .070 .390 1. 910 5. 849 31 
08/13/82 4 3 2 45 .31 38 .513 8 4 .063 .3B6 1. 452 4. 992 41 
09/23/82 4 3 3 60 49 36 294 14 0 .340 2 .020 6. 280 8. 340 19 
10/12/82 4 3 4 45 31 27 .186 13 8 .100 .860 3. 230 4. 010 20 
11/02/82 4 3 5 60 49 36 294 12 5 .260 1 .610 3. 910 5. 220 15 
11/17/82 4 3 6 47 67 37 659 9 1 .056 .400 1. 400 3. 800 33** 
Subtotal 304 58 214 459 .889 5 .666 18. 182 32. 211 159 

07/13/82 5 10 1 150 58 127 .993 _ .150 .720 2. 660 7. 240 30 
08/12/82 5 10 2 150 58 127 993 8 5 .090 .600 2. 200 8. 390 42 
09/23/82 5 10 3 201 67 121 002 14 0 .810 3 .100 8. 150 13. 123 19 
10/12/82 5 10 4 201 67 121 002 13 8 .320 1 .360 5. 260 11. 260 20 
11/02/82 5 10 5 262 67 157 .320 12 5 .330 1 .820 5. 370 8. 290 15 
11/17/82 5 10 6 158 86 125 499 9. 1 .130 .650 1. 850 4. 250 33** 
Subtotal 1125 56 780 809 1.830 8 .250 25. 490 52. 553 159 

(continued) 

Source: H a b i b a f s h a r , ( 1 3 ) , page 72. 



T a b l e 20 P e r c e n t o f T o t a l L o s s f r o m D i f f e r e n t L o a d i n g 
R a t e s a t D i f f e r e n t T i m e s f r o m A p p l i c a t i o n 

P l o t # % L o a d i n g T o t a l # * T o t a l % o f T o t a l L o s s i n 
R a t e o f d a y s L o s s t w o h o u r s o n e d a y s e v e n d a y s 

k g 

4 3 159 3 2 . 2 1 1 2 . 7 5 1 7 . 5 9 5 6 . 4 4 

7 6 152 3 7 . 6 6 0 2 . 4 9 1 5 . 3 4 4 3 . 2 2 

5 10 159 5 2 . 5 5 3 3 . 4 8 1 5 . 6 9 4 8 . 5 0 

1 13 153 5 2 . 4 3 3 3 . 6 3 1 7 . 2 2 4 7 . 3 8 

6 13 152 5 2 . 3 4 3 3 . 5 5 1 7 . 3 3 4 7 . 6 3 

T o t a l # o f d a y s t h a t t o t a l l o s s e s w e r e c a l c u l a t e d f o r e a c h p l o t s t a r t i n g 
f r o m f i r s t a p p l i c a t i o n ( 7 / 1 3 / 1 9 8 2 - 7 / 2 0 / 8 2 ) t o t h e l a s t s a m p l i n g d a t e 
( 1 2 / 2 0 / 8 2 ) . 

Source: H a b i b a f s h a r , ( 1 3 ) , page 75. 



T a b l e 19 T o t a l V o l a t i l e L o s s f r o m F i e l d P l o t s ( c o n t i n u e d ) 

Date of P lo t Nominal A p p l . Sludge O i l V o l a t i l i t y T o t a l T o t a l T o t a l T o t a l T o t a l No. 
A p p l . No. Loading No. Appl ied Appl ied of Sludge Loss Loss Loss Loss of Days 

Rate (kg) (kg) (%) in-2 n r . in-1 d i n 7 d Since Since 
(kg) (kg) (kg) A p p l . (kg) A p p l . 

07/20/82 6 13 1 230.30 195.755 _ .203 1.013 3.163 8.263 28 
08/17/82 6 13 2 230.30 195.755 8.0 .070 .310 2.100 6.950 24 
09/10/82 6 13 3 230.30 195.755 7.8 .053 .620 2.800 11.250 34 
10/14/82 6 13 4 262.20 157.320 13.6 .500 2.510 6.040 9.780 18 
11/02/82 6 13 5 262.20 157.320 12.5 .903 3.990 8.700 11.600 15 
11/17/82 e 13 e 206.53 163.158 9.1 .130 .630 2.130 4.520 33** 
Subtotal 1421.83 1065.063 1.859 9.073 24.933 52.343 152 

07/20/82 7 6 i 90.62 77.027 _ .110 .680 2.490 6.800 28 
08/17/82 7 6 2 90.62 77.027 8.0 .045 .280 1.700 5.530 37 
09/23/82 7 6 3 121.01 72.606 14.0 .560 3.310 6.930 11.110 19 
10/12/82 7 6 4 121.01 72.606 13.8 . 130 1.000 3.550 10.210 35 
11/17/82 7 6 5 95.33 75.310 9.1 .093 .510 1.610 4.010 33** 
Subtotal 518.59 374.576 .938 5.780 16.280 3?.660 152 

TOTAL 4792.39 3499.97 7.422 37.802 109.728 227.200 775 

% Tota l sludge v o l a t i l i z e d : .154 .788 2.289 4.740 

% T o t a l o i l v o l a t i l i z e d ! .212 1.080 3.135 6.491 

* A p p l i c a t i o n number 
** No. of days from 11/17/82 to 12/20/82 
d = days 

Source: H a b i b a f s h a r , ( 1 3 ) , page 73. 



T a b l e 21 M e a n a n d S t a n d a r d D e v i a t i o n o f T o t a l A m o u n t o f 
S l u d g e A p p l i e d a n d T o t a l V o l a t i l e L o s s 

Effective Plot Nominal Weight Mean/ Std. Weight Total Mean/ Std. 
Date # Loading Sludge APP Dev. O i l Volatile APP Dev. 
(1982) Rate Applied, Applied Loss/kg 

kg (six appl. ) 

7/13-12/20 4 3 305 50 8.0 214 32.2 5.37 1.65 

7/20-12/20 7 6 519 104 15.9 375 37.7 7.53 3.04 

7/13-12/20 5 10 1126 188 43.7 781 52.6 8.76 3.11 

7/19-12/20 6 13 1422 237 21.6 1065 52.4 8.74 2.73 

7/20-12/20 6 13 1422 237 21.6 1065 52.5 8.75 2.73 

Totals 4794 163 3500 227.4 7.84 

APP = Application 

Source: H a b i b a f s h a r , ( 1 3 ) , page 79. 



T a b l e 22 T o t a l V o l a t i l e L o s s f r o m L a b o r a t o r y E x p e r i m e n t s 

Date Loading S o i l S o i l Re la t ive No. of Amt.* Amt.** T o t a l T o t a l T o t a l Max 
of Rate Temp. H o i s t . Humidity T i l l i n g Sludge O i l Loss Loss Loss Emission 
A p p l . Content Appl ied Appl ied i n 2-hr . i n 1-d i n 7-d Rate 

(%) C F ) (%) (%) (kg) (kg) (kg) (kg) (kg) g/hour 

3/31/83 3 35 12 52 2 41. 746 26.30 0.243 .90 2.35 204.762 

5/16/83 3 60 12 52 2 41.746 26.30 0.335 1.10 2.50 307.144 

6/1/83 3 85 12 52 2 41.746 26.30 0.350 1.30 4.15 511.906 

4/4/83 6 35 12 52 2 B2.040 51.68 0.330 1.00 2.75 307.143 

5/17/83 6 60 12 52 2 82.040 51.68 0.367 1.40 3.90 375.397 

6/1/83 6 85 12 52 2 82.040 51.68 0.388 1.90 5.60 546.033 

4/1/83 10 35 12 52 2 133.960 84.39 0.433 1.15 3.15 238.889 

5/24/83 10 60 12 52 2 133.960 84.39 0.473 2.65 5.60 375.397 

6/3/83 10 85 12 52 2 133.960 84.39 0.622 2.90 7.00 580.160 

6/10/83 6 60 23 52 2 82.04 51.68 0.550 2.40 7.60 511.906 

7/5/83 6 60 12 75 2 82.04 51.68 0.300 .80 2.30 341.270 

7/5/83 10 60 12 75 2 133.96 84.39 0.400 1.50 3.50 341.270 

V o l a t i l i t y of sludge was 8.5% and dens i ty o f sludge was .90 g/ml 
Amount of o i l based on the 63% o i l in sludge determined by Extrac t ion Method 

Source: H a b i b a f s h a r , ( 1 3 ) , page 81. 



400 H 

F i g u r e 18 T h e E f f e c t o f L o a d i n g R a t e a n d T i l l i n g F r e q u e n c y o n 
E m i s s i o n i n L a b o r a t o r y E x p e r i m e n t s a t 3 5 ° F 

Source: H a b i b a f s h a r , ( 1 3 ) , page 83. 
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F i g u r e 19 

Source: H a b i b a f s h a r , (13 

The E f f e c t o f L o a d i n g R a t e a n d T i l l i n g F r e q u e n c y o n 
E m i s s i o n i n L a b o r a t o r y E x p e r i m e n t s a t 8 5 ° F 

page 84. 



550 H I 

• • = 3 5 " F 

O O = flo°F 

# = 8 5 ' F 

L o a d i n g R a t a = 3% 

T i m e (Houra ) 

F i g u r e 20 T h e E f f e c t o f T e m p e r a t u r e o n E m i s s i o n a t 3% L o a d i n g R a t e 

Source: H a b i b a f s h a r , ( 1 3 ) , page 85. 
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Source: H a b i b a f s h a r , ( 1 3 ) , page 86. 
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f r o m P l o t 4 ( b e f o r e t i l l i n g ) 

S o u r c e : H a b i b a f s h a r , ( 1 3 ) , page 110. 
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4.87 ( ta thanol 

» . - 9 
Mathy lana c h l o r i d e 

f W-.H 
S : i .33 
I 17.17 

: J . 47 c y c l o p « n t a n « 

W-.H 
:4.33 
17.27 

S 18.2* 
i > 19. 

44 Pantana 

2a. 9* Cyc lohaxana 

2 4 . 4 , 
M a t h y l cyclopanfcana 

r 
- 24.36 

Baazana 

l i . 78 M a t h y l c y c l o h a x a n a 

2 , 4 - D l B « t h y l p a n t a n « 
. - H a x a n a 

33.47 3 -Mathylhexana 
} j i . 4 « 

> 37.»7 

39. U 2 , 3 , 4 - T r i » a t h y l p a n t » n a 

4J.S6 
41.49 

42.93 2,5 -Dia*athylhaxana 

•A'.?! 3 -Hathy lhaptana 

4 « . « ; 

47.37 2 , 2 , 3 -T i ' i aa thy lhaxana 

37.43 1 ,4 -Oixtathylbanjana 

F i g u r e 29 C h r o m a t o g r a m o f A i r S a m p l e T a k e n 
f r o m P l o t 4 ( a f t e r t i l l i n g ) 

Source: H a b i b a f s h a r , ( 1 3 ) , page 111. 
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1 4 ) . W e t h e r o l d , R . G . , J . L . R a n d a l l , and R. R. W i l l i a m s . 
" L a b o r a t o r y A s s e s s m e n t o f P o t e n t i a l H y d r o c a r b o n 
E m i s s i o n s f r o m L a n d T r e a t m e n t o f R e f i n e r y O i l y 
S l u d g e s , Phase I I . " American P e t r o l e u m I n s t i t u t e . 
J u n e , 1983. 

WASTES 

T h e w a s t e s s t u d i e d w e r e n i n e o i l y s l u d g e s f r o m e i g h t 

r e f i n e r i e s . T h e o i l y s l u d g e s c o n s i s t e d o f m i x e s o f t a n k 

b o t t o m s , s e p a r a t o r s l u d g e s , b i o l o g i c a l w a s t e a c t i v a t e d 

s l u d g e , DAF f r o t h , a n d m i s c e l l a n e o u s o i l y w a s t e s . 

SOILS 

E i g h t s o i l s w e r e o b t a i n e d f r o m e i g h t d i f f e r e n t s i t e s ; 

h o w e v e r , o n l y t h r e e w e r e i n v e s t i g a t e d . T h e s e t h r e e s o i l s 

w e r e s e l e c t e d t o r e p r e s e n t t h e r a n g e o f p o s s i b l e s o i l s . O n e 

w a s a p r e d o m i n a n t l y s a n d s o i l , t h e o t h e r was a p r e d o m i n a n t l y 

s i l t s o i l , a n d t h e l a s t was a p r e d o m i n a n t l y c l a y s o i l . 
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WASTE APPLICATION/DESIGN 

T h i s s t u d y was c o n d u c t e d e n t i r e l y i n a l a b o r a t o r y . T h e 

w a s t e a p p l i c a t i o n r a t e s v a r i e d f r o m 0 . 0 5 t o 2 p o u n d s o f o i l 

p e r s q u a r e f o o t o f s o i l . T h e s e l o a d i n g s w e r e m a d e t o s o i l s 

f o u r i n c h e s d e e p . F e r t i l i z e r s a n d t h e i r e f f e c t o n 

d e g r a d a t i o n r a t e s w e r e n o t i n v e s t i g a t e d i n t h i s s t u d y . A l l 

o f t h e w a s t e s w e r e a p p l i e d e v e n l y t o t h e s o i l s u r f a c e . 

A n u m b e r o f v a r i a b l e s w e r e s t u d i e d t o f i n d t h e i r e f f e c t o n 

v o l a t i l e o r g a n i c e m i s s i o n s f r o m l a n d t r e a t m e n t a r e a s . T h e 

f i r s t v a r i a b l e s t u d i e d was s l u d g e v o l a t i l i t y . T h e f o l l o w i n g 

v a r i a b l e s w e r e a l l s t u d i e d a t f i v e d i f f e r e n t l e v e l s t h a t 

w e r e p r e d e t e r m i n e d by t h e i n v e s t i g a t o r s : ( a ) s o i l l o a d i n g ; 

( b ) s o i l t y p e ; ( c ) s o i l m o i s t u r e c o n t e n t ; a n d , (d ) r e l a t i v e 

h u m i d i t y o f t h e a i r 

RESULTS 

• The s t u d y f o u n d t h a t v o l a t i l e c o m p o n e n t s p r e s e n t 

i n t h e r a w s l u d g e s w e r e a l s o p r e s e n t i n e m i s s i o n s 

f r o m t h e l a n d t r e a t m e n t a r e a s . T h e l i g h t e r ( m o r e 

v o l a t i l e ) c o m p o u n d s w e r e p r e s e n t i n h i g h e r 

c o n c e n t r a t i o n s i n t h e a i r a b o v e l a n d t r e a t m e n t 
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f a c i l i t i e s r e l a t i v e t o t h e c o n c e n t r a t i o n s o f t h e 

l i g h t e r compounds i n t h e s l u d g e . 

M o r e v o l a t i l e s l u d g e s a s b a s e d o n s t r i p p i n g t e s t s , 

w e r e f o u n d t o h a v e g r e a t e r t o t a l v o l a t i l e o r g a n i c 

e m i s s i o n s f r o m l a n d t r e a t m e n t a r e a s . 

A p o s i t i v e c o r r e l a t i o n w a s f o u n d b e t w e e n o i l 

l o a d i n g p e r s q u a r e f o o t , a n d v o l a t i l e e m i s s i o n s . 

T h e t o t a l e m i s s i o n l e v e l s w e r e n o t s i g n i f i c a n t l y 

e f f e c t e d b y t h e t y p e o f s o i l o r i t s m o i s t u r e 

c o n t e n t . 

T h e e f f e c t o f r e l a t i v e h u m i d i t y o n v o l a t i l e 

e m i s s i o n s was n o t c o n s i s t e n t . 

S a m p l i n g t h e a i r o v e r t h e l a n d t r e a t m e n t p l o t s f o r 

240 m i n u t e s a f t e r a p p l y i n g t h e o i l y s l u d g e s t o t h e 

s o i l t y p i c a l l y s h o w e d t h a t 6 p e r c e n t o r l e s s o f 

t h e a p p l i e d o i l h a d v o l a t i l i z e d f r o m t h e s o i l . 
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I n s o m e c a s e s a b n o r m a l l y h i g h o r l o w p e r c e n t a g e s 

o f t h e a p p l i e d o i l v o l a t i l i z e d . The a u t h o r s 

c o n j e c t u r e d t h a t d i f f e r e n t m e c h a n i s m s o f 

v o l a t i l i z a t i o n w e r e t a k i n g p l a c e i n t h e s e c a s e s , 

b e c a u s e t h e s e e x p e r i m e n t a l r u n s h a d e i t h e r 

a b n o r m a l l y h i g h o r l o w l o a d i n g s o f t h e w a s t e t o 

t h e s o i l . 

S h o r t l y a f t e r m o s t s l u d g e s w e r e a p p l i e d t o t h e 

s o i l , a p e a k c o n c e n t r a t i o n o f v o l a t i l e e m i s s i o n s 

o c c u r r e d , f o l l o w e d by a n e x p o n e n t i a l d e c a y o f t h e 

v o l a t i l e o r g a n i c c o n c e n t r a t i o n s . L e s s v o l a t i l e 

s l u d g e s o f t e n e x h i b i t e d a n i n i t i a l h i g h , a s l i g h t 

d e c l i n e , a n d t h e n a h i g h e r p e a k c o n c e n t r a t i o n i n 

v o l a t i l e o r g a n i c e m i s s i o n s f o l l o w e d b y a n 

e x p o n e n t i a l d e c a y i n c o n c e n t r a t i o n s . N o 

e x p l a n a t i o n was g i v e n f o r t h i s b e h a v i o r . 

T i l l i n g o f t h e s o i l w a s f o u n d t o i n c r e a s e t h e 

v o l a t i l e e m i s s i o n s f o r a s h o r t t i m e a f t e r t i l l i n g . 
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A s t a t i s t i c a l l y v a l i d e m p i r i c a l r e l a t i o n s h i p was 

d e v e l o p e d t o p r e d i c t v o l a t i l e o r g a n i c e m i s s i o n s 

f r o m s u r f a c e a p p l i c a t i o n o f w a s t e s u n d e r c e r t a i n 

c i r c u m s t a n c e s . 

T h e m a j o r c o m p o u n d s f o u n d i n t h e v o l a t i l e o r g a n i c 

e m i s s i o n s w e r e : b e n z e n e ; t o l u e n e ; m / p x y l e n e ; 

o - x y l e n e ; C ^ - b e n z e n e ; n a p t h a l e n e ; a n t h r a c e n e ; 

C g - - H y d r o c a r b o n s ( a l k a n e ) ; C i 2 - - H y d r o c a r b o n s 

( a l k a n e ) ; c 7 — H y d r o c a r b o n s ( a l k a n e ) ; 

^ 1 7 - - H y d r o c a r b o n s ( p r i s t a n e ) ; 

^ - ^ - - H y d r o c a r b o n s ; a n d , C 2 o ~ ~ H y d r o c a r b o n s . 

T A B L E S AND F I G U R E S 

T a b l e s a n d F i g u r e s f r o m t h e s t u d y f o l l o w . 
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TABLE 3 -1 . EXPERIMENTAL CONDITIONS FOR LANDTREATMENT SIMULATIONS 

Run 
ID 
No. 

Sludge 
ID No. 

Sludge Loading 
L b / F t 2 b 

S o i l 
ID 

Number 

S o i l 
Moisture 
Content. 

Wt. Z 

A i r 
Relat ive 
Humidity 

Z 

Temperature 
•F 

Run 
ID 
No. 

Sludge 
ID No. T o t a l O i l Only 

S o i l 
ID 

Number 

S o i l 
Moisture 
Content. 

Wt. Z 

A i r 
Relat ive 
Humidity 

Z S o i l A i r 

2 SL-11 2.0 1.0 D-7 25 50 90 90 

5 SL-11 2.0 1.0 D-7 25 50 90 90 

6 SL-11 0.6 0-3 D-7 25 40 90 90 

7 SL-12 2.1 0.49 D-7 25 . 50 90 90 

8 SL-14 2.1 0.45 D-7 25 50 90 90 

9 SL-14 1.5 0.32 D-8 10 50 90 90 

10 SL-11 2.1 1.05 D-8 10 50 90 90 

11 SL-11 2.0 1.0 D - l 10 50 90 90 

12 SL-11 0.6 0.3 D - l 10 50 90 90 

13 SL-14 2.3 0.49 D - l 10 50 90 90 

15 SL-11 1.0 0.5 D - l 10 50 90 90 

16 SL-11 1.0 0.5 D-8 10 50 90 90 

17 SL-12 2.13 0.50 D-7 25 50 90 90 

18 SL-14 0.467 0.10 D-8 10 so 90 90 

19 SL-12 1.06 0.25 D-8 10 50 90 90 

20 SL-12 6.4 1.50 D-8 10 50 90 90 

21 SL-11 1.0 0.5 D - l 10 30 90 90 

22 SL-11 4.0 2.0 D - l 25 30 90 90 

24 SL-14 1.5 0.32 D-8 10 50 90 90 

25 SL-11 1.5 0.75 D-8 10 30 90 90 

26 SL-11 0.1 0.05 D-8 15 70 90 90 

27 SL-11 0.1 0.05 D-7 15 70 90 90 

29 SL-14 4.65 1.00 D-8 5 70 90 90 

29 SL-14 2.13 0.46 D - l 25 30 90 90 

32 SL-11 1.17 0.59 D-7 25 so 90 90 

33 SL-11 2.34 1.17 D-7 15 70 90 90 

34 SL-14 6.0 1.28 D-7 5 80 90 90 

35 SL-12 1.06 0.25 D-8 20 50 90 90 

36 SL-11 0.1 0.05 D-8 5 30 90 90 

37 SL-14 0.456 0.10 D-7 15 50 90 90 

38 SL-12 2.13 0.50 D - l 5 50 90 90 

39 SL-14 6.0 1.28 D-7 5 30 90 90 

40 SL-12 2.0 0.47 D - l 5 30 90 90 

41 SL-11 2.0 1.0 D-7 
c 50 90 90 

42 SL-14 2.33 0.50 D - l 15 30 90 90 

43 SL-13 6.17 1.00 D - l 5 70 90 90 

44 SL-13 1.54 0.25 D-7 25 70 90 90 

45 SL-13 0.62 0.10 D-7 25 30 90 90 

46 SL-13 0.62 0.10 D - l 5 30 90 90 

47 SL-13 0.62 0.10 D-3 15 30 90 90 

48 SL-13 1.54 0.15 0-7 ;5 70 90 90 

49 SL-13 0.62 O.iO D-l 30 90 90 

50 SL-13 3.05 0.50 D-8 15 70 90 90 

51 SL-13 5.95 0.96 D-7 25 50 90 90 

56 SL-15 3.0 __3 D-7 
c 50 90 90 

^ S o l i d s ludge—oil content not def ined. ^ 
To convert l b / f t 2 loading to b a r r e l s / a c r e , mul t ip ly l b / f f - by 145 
density - 300 l b / b b l . 
Data not obtained. 

Source: Wetherold, et a l , ( 1 4 ) , page 14. 

Assumes s l u d g e / o i l 
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TABLE 4-6. SELECTED HYDROCARBON CONCENTRATION IN SLUDGES 
(Concentrations are in yg/gm as measured by GCMS)a 

Sludges (Phase II) Sludges (Phase I) 

Compound SL-11 SL-12 SL-13 SL-14 SL-15 SL-16 SL-17 SL-18 SL-19 T SI S3 

Benzene 540 32 18 5 14 20 160 38 250 ND 1,800 1,400 

Toluene 1, 700 58 98 .14 ND ND 150 36 2,200 0.02 9,300 5,600 

M/P-Xylene 700 58 110 30 24 350 40 ND 1,400 1.2 23,000 15,000 

O-Xylene 330 28 50 16 11 170 17 ND 510 0:55 42,000 32,000 

C3~Benzene 1,100 150 400 160 1,300 1,000 76 ND 2,800 7.9 222,000 160,000 

C3~Benzene 890 120 400 140 620 900 60 ND 2,100 NR NR NR 

Naphthalene 230 34 350 64 ND 50 500 ND 400 NR NR NR 

Anthr. /Phen. 150 20 1,100 92 20 210 120 ND 150 NR NR NR 

C9-H.C. 
(alkane) 

130 30 14 36 160 8 13 ND 180 NR . NR NR 

C12-H.C. 
(alkane) 

140 57 210 120 410 200 44 ND 230 NR NR NR 

Cir-H.C. 
(alkane) 

84 72 84 68 120 84 60 6 130 NR NR NR 

Ci 7-H.C. 
(alkane) 
(pristane) 

66 72 24 68 99 84 34 6 78 NR NR NR 

C19-H.C. 31 26 40 28 18 54 14 ND 70 NR NR NR 

C20-H.C. 2 NM 16 14 ND 32 26 ND 38 NR NR NR 

aLight aromatics quantitated based 
based on d -anthracene. 

on d g-toluene. Naphthalene, anthr./ph en., and alkanes 

Source: Wetherold, et a l , (14) , page 37. 



TABLE 4-7. VOLATILITY TEST RESULTS (INITIAL TESTING) 

Sample 

ID // 

Sample 

(Pi) 

Average Hydrocarbon Concentration (Hexane Equivalent) During the Period, ppmd 

1st hour 2 hours 3 hours 4 hours 5 hours 6 hours 

Nortnalizedu 
4 hr ave.. 

(ppm/ml) 

Study Phase: Phase II (Current) 

SL-11 50 125 69 49 37 NA NA 720 
1000 1957 1311 1001 821 699 611 821 

SL-12 1000 141 104 85 72 64 57 72 
1000 169 112 85 69 58 50 69 

SL-13 250 228 175 145 126 112 102 504 
1000 226 174 145 • • 124 109 97 124 
250 143 106 86 73 64 57 292 

SL-14 100 145 86 62 48 40 34 480 
1000 253 162 120 96 80 69 96 
100 104 62 45 35 29 25 350 

1000 272 180 136 110 92 79 110 

SL-15 1000 1135 684 504 401 333 288 401a 

1000 341 214 163 134 114 99 • 134a 

SL-16 1000 197 172 152 , 136 122 111 136a 

SL-17 100 70 42 30 24 20 17 240 
1000 196 120 89 71 60 52 71 
100 26 15 11 9.5 8.1 7.1 95 

SL-18 100 8.3 5.4 4.3 3.7 3.3 3.0 37 
1000 6.6 5.8 5.4 5.1 4.8 4.6 5. 

SL-19 1000 514 321 239 191 160 138 19 l a 

Study Phase: Phase I: 

SI 1 263° - - - - - 263,000 

S2 5 72 C - - - - - 14,300 

T 20 4.4° - - - - - 217 

^Values are in ppm/mg. 
Concentrations ate normalized to sample sizes of 1000 ul (1 ml). 
,Adj usted for nitrogen purge rate of 200 ml/rain. 
Concentrations tire tlie cumulative average concentrations over the entire periods from the 
start of the study. 

Source: W e t h e r o l d , et a l , (14), page 39. 



TABLE 4-8. WEIGHTED SLUDGE VOLATILITIES 

Experimental 
Run No. 

Sludge 
ID No. 

1 Weighted 
Average 4 

Sludge V o l a t i l i t y , 
Hour Concn., ppm/ml 

2 SL-11 821 
5 SL-11 821 
6 SL-11 821 
7 SL-12 72 
8 SL-14 96 
9 SL-14 96 

10 SL-11 760 
11 SL-11 ' 760 
12 SL-11 760 
13 SL-14 96 
15 SL-11 570 
16 SL-11 570 
17 SL-12 22 
18 SL-14 30 
19 SL-12 22 
20 SL-12 22 
21 SL-11 550 
22 SL-11 540 
23 SL-11 540 
24 SL-14 22 
25 SL-11 530 
26 SL-,11 530 
27 SL-11 530 
28 SL-14 16 
29 SL-14 16 
32 SL-11 510 
33 SL-11 510 
34 SL-14 13 
35 SL-12 14 
36 SL-11 510 
37 SL-14 12 
38 SL-12 13 
39 SL-14 12 
40 SL-12 7 
41 SL-11 480 
42 SL-14 5 
43 SL-13 85 
44 SL-13 85 
45 SL-13 85 
46 SL-13 85 
47 SL-13 85 
48 SL-13 85 
49 SL-13 85 
50 SL-13 85 
51 SL-13 85 

Source: W e t h e r o l d , e t a l , (14), page 40. 

188 



TABLE 4-9. EXPERIMENTAL RESULTS OF LANDTREATMENT SIMULATIONS (PHASE II STUDY) 

Cuntiliit 1 vtr VOC £•.>>>..otis 

E l . p i e d T l « e - 30 a l l i u m s E L p s e d Time - 120 n l n u t c s E l e p s e d T i e * - 240 • I n u r e . E l a p s e d Tleui • 420 • I n u r e s E l a p s e d T I . e • 480 • I n u t e s 

SludK".- . VOC. VOC, VOC. VOC, VOC, VOC, VOC, VOC, VOC. VOC, 
Run I.U . t i l ing . VOC. 1 o f 1 of VOC. 1 of I of VOC, X o f » o f VOC, 1 o f Z of VOC, I o f Z of 

1 0 Sludge l.b n i l Lb per A p p l i e d A p p l i e d Lb per A p p l l e d A p p l i e d Lb Per A p p l i e d A p p l i e d l b Per A p p l i e d A p p l l e d Lb Per A p p l i e d A p p l l e d 

No. ID No. Pe r n> Ft" O i l S ludge r t ' O i l S ludge r t ' O i l S ludge O i l S ludge f t " O i l Sludge 

, M 1 1 , 0 0.0401 4 . 0 2 .0 — — 

5 
M i l 1 0 0.0154 1.5 0 .77 0 .0 )55 1.6 1.78 0 .04 )1 4 . ) 2.16 „ — — — 

=.1.-11 0 ] 0.00424 1.4 0.71 0.00922 1.1 1.34 0.0124 4 . 1 2.07 0 .0137 3.1 2 .61 — — — 

lit.- 1.' 0 .49 0.00156 0 . 7 0 .17 0 .0050) 1.0 0 .24 0.0701 1.4 0 . ) ) 0.00903 1.8 0 . 4 ] — — — 

» I L - I ; 0.45 0.00496 1.1 0,24 0.0109 2 . 4 0.52 0 . 0 1 4 ) 3.2 0 .68 __ — — — — 

» 
51.-1- 0 32 0.00 LSI 0 .5 0 .10 0 . 0 0 ) 6 ) 1.1 0.24 0.00579 1.1 0.19 — — 

s l . - l 1 1 05 0.00420 0.4 0 .20 0.0160 1.5 0 .76' 0 .0218 2 .1 1.04 __ — 

bl.- I I 1 0 0.0025b 0 . 1 0 . 1 ] — — ._ __ __ 

i L - l 1 0 3 0 .00515 1.7 0 ,86 0.0127 4 . 2 1.12 0.0179 6 .0 1.91 0.0251 8 . 6 4 . 1 6 — — 

11 - 1 - 0 49 0.01)184 0 .6 0 .12 0 . 0 1 5 ) 1.1 0 .67 0 .0228 6 . 6 0 .99 0 .171 5.5 1.18 — — 

11.- 1 1 0 5 0 .00 702 1.4 0.71 0 .01)8 1.8 1.18 0.0216 4 . ) 1,16 0.0301 6 . 0 J . O l — 

It SI.-11 0 5 0.00471 0 .9 0 .47 0.0121 1 . ) 1 .2] 0 .0186 J .> 1.86 0 .0131 3 .0 1.31 — 

" SI.-1 0 5 0.00008 0 .02 0 .00 0,00008 0 .02 0 , 0 0 0.00030 0 .06 0 .01 0.00073 0 .1$ 0.04 — 

i s S L - H u 10 0.00042 0 . 4 0.09 O.OOI57 1.6 0 .34 0.00265 1.7 0 .57 0.00798 8 .0 1.71 0 .00901 9 .1 1.94 

19 SI. -1. ' 11 21 0 .0002) 0 ,1 0.02 0.00055 0 . 2 0 .05 0.00071 0 . 3 0 .07 — — — — 

si.-1 : 1 SU 0 .00012 0 ,01 0 .00 — — — __ „ __ __ 

2> SI.-11 » •' 0.00247 0 .5 0.25 0.0102 2.0 1.02 0 .0157 3.1 1 .5? 0 .209 6.2 1.09 0 .0221 4 . 4 1.11 
SI.-11 •• 0 0 .00IU2 0.1 0 . 0 ] 0.005541 0 . 1 0.14 0 .0129 0 .6 0 .12 — — — — — 

S L - 1 . il l i 0.O00U7 0 .02 0 .00 0 .0 -00 7 0.02 0 .00 0.00007 0 .02 0 .00 0 .00007 0 .02 0 . 0 0 0 .00007 0 . 0 2 0 .00 

SI.-11 li / I 0.0015b 0 .5 0 .24 0.00826 1.1 0 .55 0.0134 1.8 0 .69 0 .0176 1.4 1.17 — — — 

it SL -11 0 05 0 .00)02 2.0 , 1.02 0.00205 4 .1 2.05 0.00262 5 .2 1.62 0.00292 3 .8 2 .91 — — 

SL-11 0 05 0.00015 0 . ) 0 .15 0.00028 0 .6 0 .28 0.00028 0 .6 0 .28 0.00028 0 .6 0 .28 0 .00028 0 . 6 0.28 

S L - l i I 00 0.00001 0 .0 0 .00 0.00001 0 .0 0 .00 0.00001 0 .0 0 .00 0.00001 0 . 0 0 .00 0.00001 0 .1 0 .00 

SI.- I , 0 4b 0.00004 0 .01 0.00 0.00015 0 .03 0 .00 0.00012 0 .07 0 .02 — — — ' — — — 

SL-11 0 19 o.00531 0 .9 0 .45 0 .0)01 1.7 0 .86 0.0133 2 . ) 1 1 4 0.0167 2.8 1 . 4 ) 0 .0177 3 .0 1.51 

l L - 1 1 1 u 0.0062 0 .5 0 .2b 0.0158 1.4 0 .68 0 .0210 1.8 0 .90 0 .0285 2 . 4 1 .22 0.0104 2 .6 1.30 

S L - 1 . 1 28 0.00011 0.01 0 .00 0.00012 0 .01 0 .00 0.00012 0 .01 0 .00 0.00012 0 .01 0 . 0 0 0 .00011 0 .01 0.00 

S L - 1 . ' 0 25 0.00028 0 .1 0 . 0 ] 0 .0006) 0 . ) 0 .06 0 .001)3 . 0 . 5 0 . 1 ) 0.00211 0 . 8 0 .20 0.00214 0 .9 0.22 

3b SL-11 0 05 0.00395 7.9 1.95 0 .01 )6 27.2 13.6 0 .0220 64 .0 22 .0 0 .0384 76.7 I B . 4 0 . 0 3 9 ] 78.7 ) 9 . ) 
37 s L - r - 0 10 0 .000b) 0 .6 0 . 1 ] 0.002)1 2.7 0 .58 0.00593 5.9 1 .27 0.00921 9 .2 1 .97 0 .00986 9 . 9 2.11 
38 S L - 1 J 0 50 0.00024 0 .05 0.01 0.00084 0 .17 0 .04 0.00185 0 , ) 7 0 ,09 0.00442 0 .9 0 .21 — — — 

39 S L - U 1 28 0.000b7 0 .05 0.01 0.00281 0 .2 0 .05 0.00592 • 0 . 5 0 .10 0 .00898 0 . 7 0 .15 — — — 

10 SL-1." " 4 / 0.00014 0 .01 0 .00 0.0004 7 0 .1 0.01 0 .00106 0 .1 0 .05 0 .00278 0 . 6 0 .16 0 .00367 0 . 7 0 .17 

" SL-11 1 0 0 . 0 0 4 b l 0.46 0 .23 0.0115 1.2 0 .58 0 .0129 1.8 0 .90 0.0256 2.3 1.27 0.0278 1 . 6 1.19 

(2 S L - U 0 5u O.O0O24 0 .05 0.01 0.00028 0 .05 0.01 0 .00030 0 .05 0 .01 — — — 

S i . - l J 1 00 0.0015 0.2 0 .02 0 .00 )9 ) 0.4 0 .06 . 0 .00976 1.0 0 .16 0.0154 1.5 0 . 2 5 — — — 

S L - l i IJ 25 U.OU0 79 0 . ) 0 .05 0.00261 1.0 0 .17 0 .0056) 2 .1 0 .17 0 .0107 6 . ) 0 .69 0 .0111 4 . 9 0 .80 

S L - l ' i 0 10 0.0012b 1.1 0 . 5 ] 0,0115 11.5 1 .85 0.0256 25.6 4 . 1 ) 0 .0445 44 .5 7.18 0 .0499 4 9 . 9 8.05 

4b S L - 1 ) 0 10 0.0002 7 0 .3 0.04 0.00108 1.1 0 .17 0 .00)18 ) . 2 0.51 0.00684 b . 8 1.10 0 . 0 0 7 7 ) 7 .7 1.25 

47 i L - i i 0 10 11.000)0 0 .3 0 .05 0.00104 1.0 0 .17 0.00251 2.5 0 .40 0.00583 5 .8 0 .94 0 .00687 6 .9 I . U 

48 i L - l j (1 25 O.IKIOSO 0.2 0 .03 O.OOI58 O.t . 0 .10 0.00417 1.7 0 .27 0.0101 4 . 0 0 .66 0.0114 5 .0 0.81 

s..- 1 J 0 10 1). OtHI4 5 0 .5 0 .07 0 . O 0 H 8 1.7 0 .27 0.00408 4.1 0 .65 0.00R96 8.4 1.45 0.00969 9 . 7 1.5ft 

•' SI.-1 J 0. so O.tl l lUlb 0 . 0 ] 0.01 0.00011 0.07 0.01 O.OOI25 0. ) 0 .04 0.00427 0 .9 0.14 0.00566 1.1 0.18 

.t :.l . 1 . 

-.1 • I 

II •lb 0.1)1)0 13 

0.110254 

0 .03 o.ot 

0.U8 

0 .0008! 

0.0115 

0 .08 0.01 

II . ty 
0.011147 

II. '1201 

0 .15 0 .02 

0 .67 

0.00354 

0.024 

0 . ) 7 O.Ob 

* 0 .80 

0.00451 0 .47 0.08 

^5u) It! s l u d g e — o i l content not Jefii*.;*!. 
Appl ied o i l est .mated from volunu percent o i l d e t e m l i i f d by c e n t r i f u g a t i o n . 

^1.Hiding and e»U«»ion=. C J I I be convened f r o * l b / f t 2 Co k g / * ' by * u l 11 p ly I ng l b / f t 2 by 4 .89 . 
U n d l n g can be converted ( ro* l b / U J to bb l / ac re by M u l t i p l y i n g l b / f t 2 by 145. 

Source: W e t h e r o l d , et a l , ( 1 4 ) , page 42 



TABLE 4-10. RESULTS OF LANDTREATMENT SIMULATION DURING PHASE I STUDY 

Sludge VOC Emissions @ 30 Minutes Elapsed Time 

Run ID 
No. 

Sludge 
ID No. 

Loading, 
lb 0 i l 2 

per f t 

VOC, 
lb per 

f t 2 a 

VOC, % of 
Applied 

O i l a 

VOC, % of 
Applied 
Sludge 

6 SI 2.35 0.0174 0.79 0.70 

7 SI 2.35 0.0139 0.63 0.56 

9 SI 2.35 0.0119 0.54 0.48 

10 s i 0.94 0.0319 3.6 3.2 

11 SI 0.94 0.0304 3.5 3.0 

12 SI 2.35 0.0513 2.3 2.1 

13 SI 2.35 0.0588 2.7 2.4 

14 SI 2.35 0.0260 1.2 1.0 

15 T 0.25 0.0002 0.90 0.009 

16 SI 2.35 0.0159 0.72 0.63 

17 SI 3.76 0.0181 0.52 0.45 

19 SI 0.47 0.0137 3.1 2.7 

19 SI 2.35 0.0165 0.75 0.66 

20 S3 0.06 0.0022 1.1 0.22 

21 S3 0.15 0.0011 0.22 0.045 

22 S3 0.24 0.0035 0.44 0.088 

23 S3 0.06 0.0011 0.56 0..11 

24 S3 0.24 0.0026 0.33 0.066 

27 S3 0.15 0.0018 0.36 0.071 

Loading and emissions can be converted from l b / f t to kg/m by multiplying l b / f t by 4.89. 
Loading in l b / f t 2 can be converted to bbl/acre by multiplying l b / f t 2 by 145. 
Volume fraction of o i l in sludge was estimated from centrifugation results. 

Source: Wetherold, et a l , ( 1 4 ) , page 4 3 . 



TABLE 4-11. SUMMARY OF AIR SAMPLE ANALYSES 

TNMHC 
Sample ppmv-C6 ppmv-C Major Species (ppbv-C) 

Run 29/Canister 2 0.43 2.58 

Run 29/Canister 6 0.21 1.26 

Run 30/Canister 15 0.14 0.83 

Run 30/Canister 11 0.14 0.82 

Run 31/Canister 7 0.18 1.03 

Run 39/Canister 7 0.37 2.22 

Run 41/Canister 11 5.07 30.42 

Run 42/Canister 2 0.42 2.54 

Run 43/Canister 10 0.23 1.35 

Run 51/Canister 16 1.48 8.90 

Run 51/Canister 68 0.31 1.83 

C 2 (527) 
C3 (331) 

Toluene (199) 
2,2,5-Trimethylhexane (170.5) 

Toluene (127) 
2,5-Dimethylhexane (89) 

Benzene (299) 
Toluene (117) 

2.4- Dimethylpentane (376) 
2.5- Dimethylhexane (111) 

Methylene Chloride (1318) 
C 2 (94) 

m & p Xylene (2382) 
n-Nonane (1731) 

Isobutene (192) 
C 2 <166) 

C 2 (163) 
n-Undecane (78) 

n-Undecane (894) 
n-Decane (456) 

n-Undecane (109) 
Toluene (64) 

Source: Wetherold, et a l , ( 1 4 ) , page 44. 
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Figure 5 -4 . Hydrocarbon Concentration in Air During 
Run 12 (0.6 lb of SL-11 on Soil D-l) 

Source: Wetherold, et a l , ( 1 4 ) , page 56. 
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Figure 5-5. Hydrocarbon Concentration in Air During Run 13 (2.3 lbs of SL-11 on Soil D-l) 

Source: W e t h e r o l d , et a l , ( 1 4 ) , page 57.' 



TABLE 5-3. VAPORIZATION OF OILY SLUDGE 

Oi l Vaporized 
Amount of O i l Sludge Vaporized, % of Applied O i l During 4-Hour 

Sludge 
ID 

4 Hours After Application 6 Hours After Application 
Stripping 

Test, 
% of O i l 
in Sludge 

Sludge 
ID Average Maximum Minimum Average Maximum Minimum 

Stripping 
Test, 

% of O i l 
in Sludge 

SL-11 3.3 6.0 0.6 4.1 8.4 0.6 46.6 

SL-12 0.5 1.4 0.06 0.9 1.8 0.15 6.0 

SL-13 1.9 4.1 0.15 4.0 8.4 0.4 18.4 

SL-14 1.8 5.9 0.0 3.6 9.2 0.0 12.2 

Overall 2.0 3.4 

Applied o i l amount estimated from results 
of centrifugation tests 

Source: W e t h e r o l d , et a l , ( 1 4 ) , page 60. 



TABLE 5-5. COMPOSITION OF AIR FROM SOIL CHAMBER DURING TESTS WITH SLUDGE SL-11 

Run 41 
Sludge Sample Composition of Emissions 

Weight Ratio, Weight Rati 
Sludge Relative Relative SL-11 on D-7 Relative 

Composition, Concentration, to Concentration, HI 
to 

Compound ug/gm wt % 0-Xylene ppbv-c o" ̂-Xylene 

Benzene 540 8.9 1 . 6 4 0.240 0.17 

Toluene 1,700 27.9 5.15 1.481 1.21 

m/p-Xylene 700 11.5 2.12 2.382 2.24 

o-Xylene 330 5.4 1.00 1.062 1.00 

C3-Benzene 1 , 1 0 0 18.0 
6.03 2.366 2.53 

C 3 - Benzene 890 14.6 

Naphthalene 230 3.8 0.70 — — 

Anthr./Phen. 150 2.5 0.45 — — 

Cg-H.C. (alkane) 130 2 .1 0.39 2.036 2.31 

C12-H.C. (alkane) 140 2 .3 0.42 — — 

C17-H.C. (alkane) 84 1.4 0.25 — 

C17-H.C. (alkane) 66 1 . 1 0.20 — — 

(pristine) 

Clg-H.C. 31 0 .5 0.09 — — 

C20-H.C 2 0.0 0 .01 — — 

TOTAL 6,093 100 

A dashed line in this column indicates that the compound was not detected in the ai r sample. 

Source: W e t h e r o l d , et a l , ( 1 4 ) , page 66. 



TABLE 5-6. COMPOSITION OF AIR FROM SOIL CHAMBER DURING TEST WITH SLUDGE SL-13 

Slu dge Samples Composition of Emissions, 
Weight Run 43 After T i l l i n g 

Compound 

Sludge 
Composition 

yg/gm 

Relative Ratio, 
> Composition, Relative to 

wt % m/p-Xylene 

Weight 
Ratio, Relative 

ppbv-c to m/p-Xylene 

Benzene 18 0.6 0.16 12 0.44 

Toluene 98 3.4 0.89 32 1.39 

m/p-Xylene 110 3.8 1.00 20 1.00 

o-Xylene 50 1.7 0.45 

C3-Benzene 

C3~Benzene 

400 

400 

13.7 

13.7 
7.27 | 58 3.3 

Naphthalene 350 12.0 3.18 — 

Anthr./Phen. 1,100 37.8 10.0 — 

Cg-H.C. (alkane) 14 0.5 0.13 21 1.27 

C12-H.C. (alkane) 210 7.2 1.91 41 3.3 

C17-H.C. (alkane) 84 2.9 0.76 — 

C17-H.C. (alkane) 
(pris tane) 

24 0.8 0.22 — — 

C jg—H.C. 40 1.4 0.36 — 

C 2 o"~̂  -C. 16 

2,914 

0.5 0.15 

Dashed line indicates that the compound was not detected in the air sample. 

Source: W e t h e r o l d , et a l , ( 1 4 ) , page 67. 



TABLE 5-7. COMPOSITION OF AIR FROM SOIL CHAMBER DURING TESTS WITH SLUDGE SL-14 

M3 

Concentration ln Sludge 

Weight Rat io , 

Run 29: SL-14 on 

D-l C o n c e n t r a t i o n 

l n A i r " 

Weight R a t i o , 

Run 29: SL-14 on 

D - l C o n c e n t r a t i o n 

In A i r " 

Weight R a t i o , 

Run 3 9 : SL-14 on 

D-l C o n c e n t r a t i o n 

l n A i r * 

Run 42: SL-14 on 

D-l C o n c e n t r a t i o n 

l n A i r * 

Pg/g" 
Weight 
P e r c e n t 

R e l a t i v e t o 

m/p-Xylene ppbv-c 

R e l a t i v e t o 

Bj/n-Xylene ppbv-c 

R e l a t i v e t o 

m/p-Xylene ppbv-c 

R e l a t i v e t o 

n/p-Xylene ppvb-e 

R e l a t i v e t o 

m/p-Xylene 

Benzene 5 0 . 6 0 . 1 7 2 0 4 2 . 4 4 7 2 0 . 7 3 2 1 0 . 5 2 5 3 0 . 6 1 

Toluene 1 4 1 . 8 0 . 4 7 1 6 6 2 . 8 3 2 0 0 2 . 3 8 7 2 2.0a 9 4 1 . 2 7 

mtp-Xylene 3 0 3 . 8 1 . 0 0 5 1 1 . 0 0 7 3 1 . 0 0 3 0 1 . 0 0 6 4 1 . 0 0 

o-Xylene 1 6 2 . 0 0 . 5 3 - - - - 1 0 0 . 3 3 1 3 0 . 2 0 

C 3~Benzene 

C 3-Benzene 

1 6 0 

1 4 0 

2 0 . 4 

1 7 . 8 

5 . 3 3 | 

4 . 6 7 ' 

3 6 3 7 . 9 9 ) » 0 . 6 0 1 » 
1 . 2 8 9 4 1 . 6 6 

Naphthalene 6 4 8 . 1 2 . 1 3 1 8 5 4 . 3 8 5 2 0 . 8 6 - - - -
Anthr./Phen. 9 2 1 1 . 7 3 . 0 7 - - - - - - - -
C-H.C. ( a l k a n e ) 3 6 4 . 6 1 . 2 0 1 9 0 . 4 5 - - - - 5 3 1 . 0 0 

C I I - H . C . ( a l k a n e ) 1 2 0 1 5 . 2 4 . 0 0 - - - - - - - -
CI7-H.C. ( a l k a n e ) 

Cw-H.C ( a l k a n e ) 

( p r i s t a n e ) 

6 8 8 . 6 2 . 2 7 - - - - - - - -

C u - H . C 2 8 3 . 6 0 . 9 3 - - - - - - -
Cj«-H.C. 1 4 

7 8 7 

1 . 8 0 . 4 7 - - - - — — — 

Sampling Time P e r i o d : Sample c o l l e c t e d 

f o r 6 0 minutes a t 
s t a r t o f r u n 

Sample c o l l e c t e d 
f o r 6 0 minutes a t 
4 hours a f t e r r u n 
s t a r t 

Sample collected 
for 1 hour at 
start of run 

Sample c o l l e c t e d 

f o r 30 minutes a t 

s t a r t o f r u n 

Dashed l i n e i n d i c a t e s t h a t the compound was not d e t e c t e d l n the a i r sample. 

Source: W e t h e r o l d , et a l , ( 1 4 ) , page 68. 



TABLE 5 -8 . AVERAGE MONITORED CONCENTRATIONS AND CONCENTRATIONS 
OF AIR SAMPLES 

Run Number 

Average Monitored Hydrocarbon 
Concentration, ppmv (as hexane) Canister Concentration 

Run Number First 30 Minutes Fi r s t Hour pprav-c ppmv (as hexane) 

29 0.101 0.06 2.58 0.43 

29 — — 1.26 0.21 

39 1.17 1.22 2.22 0.37 

41 8.2 6.7 30.42 5.07 

42 0.42 0.23 2.54 0.42 

43 3.73 2.43 1.35 0.23 

51 0.54 0.42 8.90 1.48 

51 0.54 0.42 1.83 0.31 

Source: W e t h e r o l d , et a l , ( 1 4 ) ; page 69. 



15 ) . Environmenta l Research and Technology, Inc. "Land 
Treatabi l i ty of Appendix VIII Const i tuents Present 
i n Petroleum Industry Wastes." ERT Report No. 
B-974-220, Prepared f o r the American Petroleum 
Institute. February, 1984. 

WASTES 

T h i s r e p o r t s t u d i e d a l l p e t r o l e u m w a s t e s d i s p o s e d o f b y l a n d 

t r e a t m e n t o p e r a t i o n s . 

SOILS 

A v a i l a b l e d a t a on s o i l t y p e s u s e d i n p e t r o l e u m w a s t e l a n d 

t r e a t m e n t s y s t e m s i n c l u d e d s o i l s t h a t r a n g e d f r o m s a n d s t o 

c l a y s . 

WASTE APPLICATION/DESIGN 

T h e w a s t e a p p l i c a t i o n r a t e s a n d d e s i g n s o f t h e l a n d 

t r e a t m e n t f a c i l i t i e s v a r i e d f o r a l l o f t h e r e f i n e r i e s t h a t 

p a r t i c i p a t e d i n t h i s s t u d y . T h e m e t h o d o f s t u d y w a s t o 

a s s e m b l e l i t e r a t u r e i n f o r m a t i o n a s w e l l a s e x i s t i n g 
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p e t r o l e u m r e f i n e r y i n f o r m a t i o n r e g a r d i n g w a s t e 

c h a r a c t e r i z a t i o n , t r e a t m e n t d e m o n s t r a t i o n , a n d u n s a t u r a t e d 

z o n e m o n i t o r i n g p r o g r a m s . 

A m a j o r p o r t i o n o f t h e w o r k r e g a r d e d i d e n t i f i c a t i o n o f 

A p p e n d i x V I I I C o n s t i t u e n t s t h a t may be p r e s e n t i n r e f i n e r y 

w a s t e s b e i n g l a n d t r e a t e d . A m e t h o d o l o g y f o r t h i s 

i d e n t i f i c a t i o n p r o c e s s i n c l u d e d a n a l y s e s o f : p e t r o l e u m 

r e f i n e r y w a s t e s b e i n g l a n d t r e a t e d ; p e t r o l e u m r e f i n e r y w a s t e 

w a t e r s ; s o i l s o f p e t r o l e u m r e f i n e r y l a n d t r e a t m e n t 

f a c i l i t i e s ; c r u d e o i l a n d r e f i n e d p r o d u c t s ; a n d , d i s c u s s i o n s 

w i t h i n d i v i d u a l s k n o w l e d g e a b l e o f p e t r o l e u m r e f i n e r y 
> 

p r o c e s s e s a n d w a s t e m a n a g e m e n t . 

R E S U L T S AND CONCLUSIONS 

• L a n d t r e a t m e n t o f r e f i n e r y w a s t e s h a s b e e n 

s u c c e s s f u l l y p r a c t i c e d i n a l l m a j o r c l i m a t i c 

r e g i o n s o f t h e U n i t e d S t a t e s , E u r o p e , a n d C a n a d a . 

• L i t t l e o r n o o i l d e g r a d a t i o n w a s f o u n d when t h e 

s o i l t e m p e r a t u r e was n e a r f r e e z i n g . 
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M o s t f u l l - s c a l e f a c i l i t i e s w e r e f o u n d t o c u l t i v a t e 

t h e i r l a n d f a r m s o n c e p e r w e e k . 

N u t r i e n t a p p l i c a t i o n s t o l a n d f a r m s o i l , 

p a r t i c u l a r l y n i t r o g e n , e n h a n c e d o i l d e g r a d a t i o n 

r a t e s . H o w e v e r , u s e o f s o i l a m e n d m e n t s v a r i e d 

c o n s i d e r a b l y f r o m o n e r e f i n e r y t o a n o t h e r . 

A n n u a l o i l r e d u c t i o n i n f u l l s c a l e l a n d t r e a t m e n t 

f a c i l i t i e s t y p i c a l l y r a n g e d f r o m 70 t o 90% o f t h e 

a p p l i e d o i l . T h e e n t i r e r a n g e v a r i e d f r o m 58 t o 

94% r e d u c t i o n o f a p p l i e d o i l p e r y e a r . 

T w o f e e t b e l o w t h e s o i l s u r f a c e was f o u n d t o be 

t h e m a x i m u m d e p t h o f o i l m i g r a t i o n a t t h e 

f a c i l i t i e s s t u d i e d . The o i l c o n c e n t r a t i o n i n t h e 

z o n e o f i n c o r p o r a t i o n ( t y p i c a l l y t h e u p p e r s i x 

i n c h e s o f t h e t r e a t m e n t z o n e ) v a r i e d w i d e l y f r o m 

r e f i n e r y t o r e f i n e r y . 
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T h e c o n c e n t r a t i o n o f h e a v y a r o m a t i c s a n d 

a s p h a l t e n e s i n c r e a s e d i n t h e s o i l w i t h o i l 

d e g r a d a t i o n . T h e h e a v y a r o m a t i c s a n d a s p h a l t e n e s 

w e r e f o u n d t o d e g r a d e , b u t a t a s l o w e r r a t e t h a n 

t h e o v e r a l l o i l r e d u c t i o n w e i g h t . 

F u l l s c a l e l a n d t r e a t m e n t f a c i l i t i e s h a v e f o u n d a n 

a c c u m u l a t i o n o f m e t a l s i n t h e z o n e o f 

i n c o r p o r a t i o n , p a r t i c u l a r l y c h r o m i u m a n d l e a d . 

T h e c o n c e n t r a t i o n o f t h e s e m e t a l s a t t e n u a t e d t o 

b a c k g r o u n d l e v e l s w i t h i n t h r e e t o f i v e f e e t o f t h e 

s o i l s u r f a c e . No m i g r a t i o n o f t h e m e t a l s o u t o f 

t h e t r e a t m e n t z o n e h a s b e e n f o u n d a t a f u l l - s c a l e 

l a n d t r e a t m e n t f a c i l i t y . 

A c c u m u l a t i o n a n d m i g r a t i o n o f c e r t a i n s a l t s , s u c h 

a s s o d i u m , w a s o b s e r v e d a t s o m e f a c i l i t i e s , 

p a r t i c u l a r l y i n a r i d r e g i o n s . T h e s a l t 

c o n c e n t r a t i o n l e v e l s w e r e n o t h i g h e n o u g h t o 

i m p a i r m i c r o b i a l d e g r a d a t i o n a t a n y o f t h e s i t e s 

i n v e s t i g a t e d . 

202 



I n t h e m a j o r p e t r o l e u m w a s t e s t r e a m s a n a l y z e d f o r 

A p p e n d i x V I I I m e t a l s a n d a n i o n s , b e r y l l i u m , 

c a d m i u m , c y a n i d e , a n d m e r c u r y w e r e t h e 

c o n t a m i n a n t s p r e s e n t i n t h e l o w e s t c o n c e n t r a t i o n s 

( w i t h m e d i a n c o n c e n t r a t i o n s t y p i c a l l y l e s s t h e n 

o n e m i l l i g r a m p e r k i l o g r a m o f w a s t e ) . C h r o m i u m 

was p r e s e n t i n t h e h i g h e s t c o n c e n t r a t i o n s , a n d 

n o r m a l l y e x c e e d e d a m e d i a n c o n c e n t r a t i o n o f 1 0 0 

m i l l i g r a m s p e r k i l o g r a m o f w a s t e . T h e o t h e r 

A p p e n d i x V I I I m e t a l s a n d a n i o n s w e r e p r e s e n t i n 

m e d i a n c o n c e n t r a t i o n s o f 1 - 1 0 m i l l i g r a m s p e r 

k i l o g r a m o f w a s t e . 

A p p r o x i m a t e l y t w o p e r c e n t o f A p p e n d i x V I I I o r g a n i c 

c o n s t i t u e n t s f o u n d i n a s o l i d w a s t e w e r e f o u n d t o 

be l e a c h a b l e a s b a s e d o n a n a l y s e s o f l e a c h a t e s 

f r o m t h e U S E P A E x t r a c t i o n P r o c e d u r e t e s t . 

T o l u e n e , b e n z e n e , n a p t h a l e n e , c h r y s e n e w e r e f o u n d 

t o b e t h e A p p e n d i x V I I I o r g a n i c s p r e s e n t i n t h e 

g r e a t e s t c o n c e n t r a t i o n s i n D A F w a s t e a n d A P I 

s e p a r a t o r s l u d g e . B i o l o g i c a l w a s t e w a t e r t r e a t m e n t 
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s l u d g e w e r e f o u n d t o be s i g n i f i c a n t l y l o w e r i n t h e 

a b o v e c o m p o u n d s , b u t much h i g h e r i n c o n c e n t r a t i o n s 

o f P - c r e s o l , p h e n o l , a n d m e t h y l e t h y l k e t o n e . 

C o n c e n t r a t i o n s o f p h e n o l a n d b e n z o ( a ) p y r e n e w e r e 

v e r y l o w i n a l l w a s t e s a n a l y z e d . P h e n o l 

c o n c e n t r a t i o n s w e r e c o m m o n l y l e s s t h e n 1 0 

m i l l i g r a m s p e r k i l o g r a m o f w a s t e , a n d 

b e n z o ( a ) p y r e n e c o n c e n t r a t i o n s a r e c o m m o n l y l e s s 

t h e n 1 m i l l i g r a m p e r k i l o g r a m o f w a s t e . 

A l i s t o f A p p e n d i x V I I I o r g a n i c c o n s t i t u e n t s 

s u s p e c t e d t o b e p r e s e n t i n p e t r o l e u m r e f i n e r y 

w a s t e s w a s d e v e l o p e d b a s e d o n k n o w l e d g e o f t h e 

r e f i n e r y p r o c e s s , a n d k n o w l e d g e o r r e f i n e r y 

w a s t e w a t e r d i s c h a r g e s . 

A n e q u a t i o n was p r e s e n t e d , t a k e n f r o m l i t e r a t u r e , 

r e l a t i n g o r g a n i c m o v e m e n t i n s o i l t o : s o i l 

m i g r a t i o n l e n g t h ; v e l o c i t y o f w a s t e w a t e r ; b u l k 

d e n s i t y o f t h e s o i l ; p o r o s i t y o f t h e s o i l ; a n d , 

t h e s e d i m e n t / w a t e r p a r t i t i o n c o e f f i c i e n t a s 

d e t e r m i n e d f r o m t h e s l o p e o f t h e l i n e a r p o r t i o n o f 
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t h e a d s o r p t i o n i s o t h e r m f o r t h e c o n s t i t u e n t . I t 

w a s s t a t e d t h a t w a s t e c o n s t i t u e n t s w i t h 

s e d i m e n t / w a t e r p a r t i t i o n c o e f f i c i e n t s o f g r e a t e r 

t h e n 1 0 0 m i l l i l i t e r s p e r g r a m a r e v e r y . i m m o b i l e i n 

s o i l s . 

T h e a u t h o r s c o n c l u d e d t h a t a l l A p p e n d i x V I I I 

o r g a n i c c o n s t i t u e n t s p o s s i b l y i n l a n d t r e a t e d 

p e t r o l e u m w a s t e s w e r e d e g r a d a b l e i n s o i l u n d e r t h e 

p r o p e r c o n d i t i o n s . 

I t w a s s t a t e d t h a t t h e o r g a n i c c o n s t i t u e n t s f o u n d 

t o be t h e m o s t s o l u b l e i n w a t e r h a v e t h e s h o r t e s t 

h a l f - l i v e s . A l s o , t h e o r g a n i c c o n s t i t u e n t s l e a s t 

s o l u b l e i n w a t e r h a v e t h e l o n g e s t h a l f - l i v e s . 

L e a d a n d c h r o m i u m p r e s e n t i n f u l l s c a l e l a n d 

t r e a t m e n t s i t e s o i l w e r e o f v e r y l o w l e a c h i n g 

p o t e n t i a l , b a s e d o n r e s u l t s u s i n g t h e U S E P A 

E x t r a c t i o n P r o c e d u r e . 
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TABLE 2-4 

SUMMARY OF SITE CHARACTERISTICS AT REFINERY LAND TREATMENT FACILITIES 

Sita Parameter S i t * A 
Location Mont. 

Land Area (Acres) II 

Site » Site C Site U Site E Site ¥ Site C Site II S i ts 1 Site J Site K S i ts L Site M Site H 
C a l i f . H .J . III. H iss . La . Uaali. Uaah. Texas T o i l Texas Texas Ok (a. Okla. 

30 12 7 14.J SO N.D. H.D. I.J 17 19 

Dcgradat ion * 
Hunili s/year 

Het Uater ftudgct * * 
( iucliee/year) 

Surface Soil 
feature 

-29.1 

s i l t y 
clay 

12 

-S2.I 

f ins 
a and 

19.7 

N.D. 

11.0 

s i l t y 
clay 

12 

I J . l 

f i n * 
sand 

12 

16.6 -0.S 20.4 

sandy f ins 
s i l t sandy 

c 1 ay 

s i l t y 
clay 
loau 

12 

4 .J 

c Isy 

12 

fine 
sandy 
loaa 

12 

-41.J -2ft 

12 

-29.S 

clay clay 

2.4 4.4 

s i l t y clsey 
loaa s i l t 

O 
- J 

Cation Exchaug* 

pll 

Depth to 
Seasonally High 
Water Table (ft) 

Depth to Usabl* 
Aquifer ( f t ) ' 

Previous Land Uss 

11.1 

6.6-S.t 

H.D. 

A g r i 
culture 

J . J H.D. 10-2} | 

6.6-7.0 7.0-7.* 7.7-S.2 6-# 

42 

UO 

Furaer 
Lagoon 

H.D. 22' 

Fonaer A g r i -
Sanl- culture 
tary 
Landf i I I 

J 

3 JO 

N.D. 

24 

7 

J - J 

IS 

6.9 

J . J 1J 1.7 11.4 J7 10-20 

J.7 7.4-1.1 7.S-H.0 6.4-7.J (.0 6.J-7.2 

N.D. 

219 45 N.D. 

N.D. H.D. H.D. 

12 

JO 

A g r i 
culture 

N.D. 

H.D. 

H.D. 

N.D. H.D. 

H.D. 200« 

former H.D. 
Tank Fans 

H.D. 

12 

H.D. 

11 

7 

19. S 

H.D. 

H.D. 

'Degradation uouili is a laoutli when the average anbient tewperature if greater than 10'C. 
"Met water budget * |irec ip i t at i ou - evapu t ranau irat Ion. 

NU - Ho Data 

Source: ERT, 1983 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 2-9. 



TABLE 2-6 

O I L A P P L I C A T I O N R A T E S AND F R E Q U E N C Y O F A P P L I C A T I O N 

A T F U L L S C A L E R E F I N E R Y F A C I L I T I E S 

A B C D» R F b 

Depth of Annual Number of O i l Loading . Number of O i l A p p l i c a t i o n / 
I n c o r p o r a t i o n O i l Loading A p p l i c a t i o n s Per A p p l i c a t i o n Degradat ion Degradation Month 

S i t e L o c a t i o n (Inches) B a r r e l s / A c r e l b s / f t Per Year B a r r e l s / a c r e 
3^ 

l b s / f t Months Per Tear B a r r e l s / A c r e l b s / f t 3 

A Montana 6 70 0.98 2-3 23-35 0 .33-0 .49 6 12 0.16 

B C a l i f o r n i a 12 1900 13.35 52 36 0.26 12 158 1.11 

C New J e r s e y 6-8 650 7.82 2-4 160-325 1 .95-3.9 7 93 1.12 

D I l l i n o i s 6 100 1.40 N . D . N . D . ND 7 14 0.20 

E M i s s i s s i p p i 8 840 8.85 24 35 0.37 12 70 0.74 

F L o u i s i a n a 8 380 « ; 00 5-6 65-75 0 .67-0 .80 12 32 0.33 

G Washington 6-8 650 7.82 52 12 0.15 7 93 1.11 

H Washington 12 280 1.97 N . D . N . D . N . D . 6 47 0.33 

T Texas 6-8 220 2.65 10-12 18-22 0 .22-0.24 12 18 0.22 

J Texas 8 680 7.16 10-12 56-68 0 .60-0 .72 12 57 0.60 

K Texas 6 400 5.62 ND ND ND 12 33 0.47 

M Oklahoma 6-8 500 6.00 10-12 42-50 0 .5 -0 .6 9 56 0.67 

N Oklahoma 6 110 1.54 6 18 0.26 8 14 0.19 

* D - B - C 

b F - B - E 
c 

pounds of o i l per c u b i c f o o t of i n c o r p o r a t i o n zone 

ND - No data a v a i l a b l e 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , Page 2-15 



TABLE 2-7 

OIL REDUCTION RATES AT FULL SCALE REFINERY FACILITIES 

Annual 
O i l Loading 

Site Location 
Years i n 
Operation 

Barre l s / 
Acre l b s / f t 1 * 

A p p l i c a t i o n s / 
Year 

A Montana 9 70 0.98 2-3 
B C a l i f o r n i a 2 1,900 13.35 52 
C New Jersey 8 650 7.82 2-4 
D III inoia 9 100 1.40 
F Lou is iana 5 380 4.00 5-6 
II Washington 8 280 1.97 
I Texas 2 2 20 2.65 10-12 
J Texas 6 680 7.16 10-12 
K Texas 3 A 00 5.62 
M Oklahoma 12 500 6.00 10-12 
N Ok lahoma 5 110 1.54 6 

ro 

^ *pounds of o i l per cubic foot of incorporacion zone 

Estimated O i l 
Estimated Annual Reduction/ 

O i l Reduction Degradation Month 
Degradat ion B a r r e l s / 

l b s / f t 3 * 
Barre l s / 

l b s / f t 3 * 

X 

Months/Year Acre l b s / f t 3 * Acre l b s / f t 3 * Reduct ion 

6 41 0.57 5 0.09 58 
12 1,460 10.28 122 0.86 77 

7 455 5.47 65 0.78 70 
7 70 0.98 10 0.14 70 

12 332 3.52 28 .29 88 
6 182 1.26 26 0.21 64 

12 163 1.96 14 0.16 74 
12 640 6.73 53 0.56 94 
12 350 4.94 29 0.41 88 
9 400 4.80 36 0.53 80 
8 70 0.98 9 0.12 64 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 2-17 



TABLE 2-8 

OIL REDUCTION RATES AT PILOT SCALE REFINERY FACILITIES 

ro 
i—1 

o 

Types of 
Waste 

Average Annual 
O i l Loading 

Years i n 
Site Location Operation Added Barrels /Acre l b s / f t 3 * 

Estimated Annual 
O i l Reduction 

Appl icat ions / Degradation Barre l s / 
Year H o s . / y r . 

Estimated O i l 
Reduction/ 
Degradation 

Month 
Barre ls / 

Year l b s / f t 3 * Acre l b a / f t 3 » X Reducti< 

1. Ohio 3 Composite 
Centrifuged 
Oi ly Sludge 

735 7.72 4-5 6 595 6.25 99 1.04 81 

API Separator 
Sludge 

690 7.25 4-5 6 607 6.38 101 1.06 88 

2. Oklahoma 3 Compos i te 
O i l y Sludge 

1140 11.97 5-7 9 832 8.74 93 0.97 73 

Compos i te 
Oi ly Sludge 

730 7.68 5-7 9 569 5.99 63 0.66 78 

Compos ite 
O i l y and 
B io log i ca l 
Sludge 

540 5.67 3-7 9 340 3.57 38 0.40 63 

3. Texas 3 DAF Sludge 162 1.70 4-7 12 152 1.60 12 0.13 94 

Separator Sludge 177 1.86 4-7 12 129 1.36 11 0.11 73 

Tank Bottoms 
Sludge 

345 3.62 2-3 12 314 3.29 26 0.27 91 

4. Oklahoma 
2 Composite O i l y 380 3.99 1 8 163 1.71 20 0.21 43 

Sludge 

* pounds of o i l per cubic foot of incorporation zone 

Source: E n v i r o n m e n t a l Research and Technology, (.15), page 2-18 
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Figure 2-4 % Oil Removed Vs. Oil Application Rate 

Source: E n v i r o n m e n t a l Research and Technology, (15) , page 2-19. 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 

Pounds of Oil Applied/Ft-^ of Incorporation Zone/Degradation Month 
(Data from Tables 2-10. 2-13 & 2-14) 

Figure 2-5 Oil Removal Rates as a Function of Oil Application Rates 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 2-21. 
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Figure 2-7 Oil Content in Soil with Depth 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 2-24. 



TABLE 2-9 

METAL CONTENT OF ACTIVE REFINERY FACILITIES* 

Depth 
Balow 
Ground 
Surface 

( f t . ) 

_Cr_ _£JL JUL 
a i | / k | Dry; S o i l Weight 

An 

0-1 

2.76 

0 .41-16.3 

IS 

n 

S . U 

.11-10 

23 

29 

217 
1.5-1468 

30 
48 

• 9 
2.3-260 

IS 

27 

2.11 
0.04-11 

23 
29 

1 ? . J 
2 .S-S0 

24 
29 

711 
2.S-SS60 

30 
48 

4S.S 
2.S-121 

IS 

20 

306 
7.3-1041 

22 
34 

1-3 
2.14 

0 .06-11.3 

16 

34 

S.00 
0.03-10 

19 
39 

n . « 
1.4-315 

23 
49 

32.1 
2.4-7S 

7 
11 

O.SS 
o . o i - i . a 

21 
41 

16.6 
2 .9-50 

21 
41 

119 
1.47-1250 

23 
49 

46 
2.5-130 

II 
31 

180 
3.7-1175 

16 
22 

3-S 

l . « 9 
0 .063-6 .6 

9 
IS 

2.15 
0.01-4 

14 
22 

76.3 
1.5-246 

17 
25 

33.7 
4.0-14 

8 
10 . 

0.42 
0 .01-1 .2 

14 
22 

17.0 
4 .0-30 .9 

13 
20 

19. S 
0 .84-40 

17 
25 

57.3 
2 .S -94 .4 

13 
20 

72.6 
15.3-138 

• 
10 

*Data reported * • ; 
Average 
Rang* 
Uo. of I n d i v i d u a l P l o t a Sanplad 
No. of T o t a l S a n p l e i C o l l a c l a J 

Source: A » « r | c » n Petroleum I n i t l t u t e , 1983. 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 2-26. 



T A B U : 2-1 0 

METAL CONTENT OF BACKGROUND SOILS NEAR REFINERY FACILITIES* 

Depth 

Below AJ ci cr- en HK HJ p_b. y 
Ground » U / k | Dry S o i l weight 
S u r f i c e 

< f t . ) 

0-1 

1-3 

3-5 

2.74 3.51 65 . I 24.3 0.675 17.1 4 0 . J S2.1 92.1 
0 .08-6 .2 0.07-10 1.7-244 6.3-42 0 .07-1 .6 1.1-50 4.91-150 2 .5-109.3 16.3-156 

7 9 12 5 9 10 12 9 6 
16 20 23 7 20 II 23 17 9 

1.79 2.42 30.1 f . l 0.11 15.9 ' 24.5 51.6 74.2 
0 .1 -4 .1 0.03-8 2-146 7 .4-8 .7 0 .01-1 .5 4.0-36 1.1-11.5 2.5-111 9.1-176 

7 7 9 2 8 9 9 9 4 
27 27 33 6 28 21 31 21 9 

2.07 1.75 37.9 12 0.74 11.7 11.7 14.3 IS 
0 .11-3 .9 0 .02 -4 .0 2.07-152 - 0 .01-1 .4 7 .9-29 .0 1.26-40 44.1-152 

2.07 7 7 1 7 6 7 6 1 
11 16 16 3 16 13 16 13 3 

•Data reported ass 
A v e n g e 
Range 
No. of I n d i v i d u a l P l o t s Saaplad 
No. of T o t a l Samples C o l l e c t e d 

Source; American Petroleum I n s t i t u t e , 1983. 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 2-27. 



T A B L E 3 - 1 

E S T I M A T E D A M O U N T S O F R E F I N E R Y W A S T E S W H I C H A R E L A N D T R E A T E D 

1̂ 5 

ON 

(a) 

DAF Float 

API Separator Sludge 

Slop O i l Emulsion Sol ids 

Heat Exchanger Bundle'*' 
Cleaning Sludge 

(a) 

(a) 
Leaded Tank Bottoms 

Non Leaded Tank Bottoms 

Bio Sludge 

Primary Sludge 
(a) 

Secondary Sludge 

F i l t e r C l a y s U ) 

(a) 

(a) 
Cooling Tower Sludge 

S t r e t f o r d S o l u t i o n 1 * ' 

Neutral ized HF Alkylation*•> 
Sludge 

FCC Catalyst 

Spent Catalysts 

Estimated Annual Generation 
% Ref iner ies Rate by A l l U.S. Ref l n e r l e s ( c ) 

Which (10 3 Tons/Yr) 
Landfarm W a s t e ( b t c ' o U Basis 

50 

62 

39 

28 

23 

51 

75 

62 

36 

20 

50 

9 

37 

5 

10 

27 

47 

27 

0.02 

0.3 

26 

1 

6 

2 

1.3 

0.07 

0 . 

0.6 

0.9 

0.07 

139 

O U &. Solids Basis 

62 

14* 

58 

0.7 

2 

85 

34 

23 

6 

10 

6 

0.7 

12 

101 

15 

559 

Estimated Annual Amount of'*" 
Waste Applied to Landfarm 

(10 3 Tons/Yr) 
O i l 6 sol ids Bai ls O i l Ba i l s 

14 

29. 

11. 

0.01 

0.07 

13 

0.75 

3.72 

0.72 

0.26 

0.03 

0 

0.22 

0.04 

0.01 

72 

31 

89.28 

23 

0.20 

0.46 

43 

26 

14 

2.2 

2.0 

3.0 

0.06 

4.4 

5.1 

1.5 

245 

(a) These wastes are often routed to the API separator. The f , shown Is that portion which Is d i r e c t l y landtreated and not routed to 
the API separator. 

(b) Source: ERM, 1982 

(c) X of responding r e f i n e r i e s possessing the p a r t i c u l a r sludge which land treat i t (survey Included approximately 
100 r e f i n e r i e s ) . 

(d) Estimated from the product of the previous columns. 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 3-3. 
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TABLE 3-3 

MEDIAN CONCENTRATIONS OF APPENDIX VIII METALS AND ANIONS DETECTED IN REFINERY SOLID WASTES 

(mg/kg)a 

(b) 
Arsenic B e r y l l luni Cadmium Chromium Cyanide Fluoride Lead 

Waste Stream Enic/Sc Jacobs Jacobs EnK/Sc Jacobs Enx/Sc Jacobs ERM Enn/Sc Jacobs Enn/Sc EnK/Sc Jacobs ERM 

Crude O l l < c ) 0.023 NA NA 0.06 NA 0.04 NA NA NA NA NA 0.25 NA NA 

DUeolved A i r F lo tat ion 0.04 2.0 0.0025 0.6 0.005 190.0 140.0 , , 42.5 0.44 0.28 8.3 8.3 7.5 17.5 

API Separator Sludge 2.0 6.2 0.0025 1.04 0.42 161.5 253.0 146 0.29 0.001 4.5 45.0 26.0 54 

Wastewater Treatment 
Plant Sludge , 

Storm Water Runoff Sl>«r~~ 

2.85 

3.0 

3.8 

5.5 

0.0013 

0.0019 

0.74 

1.1 

0.3 

0.22 

270.0 

150.0 

300.0 

354 

129.5 

NA 

0.35 

NA 

0.001 

1.72 

5.4 

. NA 

30.4 

182.0 

5.0 

53.3 

14.0 

NA 

Tank Bottom! (Crude) 1.6 21.1 0.0026 0.8 0.31 2.5 19.4 NA 0.22 0.0012 1.06 7.9 18.9 NA 

Tank Bottom! (Leaded) NA 294 0.0025 NA 6.3 NA 11.4 95.5 NA 0.009 NA NA 790.0 535 .0 

Tank Bottom! (non leaded) NA 0.007 0.26 NA 0.33 NA 12.9 90.0 NA 7.4 NA NA 24.7 46.0 

Once Through(c) 
Cooling Sludge 1.3 5.4 0.24 0.86 0.003 42 63.0 NA NA 0.11 NA 36.5 57.0 0 

Cooling Tower (c) 
Sludge 8.3 8.2 0.0013 0.9 0.3 865.0 554.0 2430 NA 0.1 NA 48.0 38.0 83.5 

FCC Cata lys t (c ) 1.0 
*> 

1.0 0.5 2.0 0.003 47.0 71.0 48.0 NA 0.12 NA 11.1 50.0 72.5 

Kerosene F i l t e r Clay NA 2.2 0.2 NA 0.25 NA 2.88 NA NA 0.005 NA NA 8.3 NA 

Lube O i l F i l t e r Clay NA 0.7 0.26 NA 0. 76 NA 23.2 NA NA 0.12 NA NA 1.28 NA 

Heat Exchange Bundle 
Cleaning Sludge 

NA 10.6 0.20 NA 1.3 NA 311.0 217.0 NA 1.7 NA NA 78.0 328.0 

Slop O i l Emulsion Sol ids NA 7.4 0.0025 NA 0.19 NA 525.0 NA NA 0.001 NA NA 28.1 49.0 

Coke F ine ! NA 2.0 0.005A NA 1.0 NA 0.02 NA NA 0.001 NA NA 13.0 

Neutral ized HF A l k y l a t i o n 
Sludge 

NA 2.3 0.07 NA 0.07 NA 2.8 28.5 NA 23.1 22,200 NA 7.1 33.0 

Spent Lime from 
Bo i l er Feedwater NA 0.1 0.0012 NA 0.003 NA 2.2 NA NA 0.001 NA NA 3.8 NA 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 3-8. 
NA « Not Analyzed 



TABLE 3-3 (continued) 
(tu B/kg)

a 

Mercury Nickel Selenium Vanadium 
(b) 

Copper 
(b) 

Zinc 
Waste Stream Ens/SC Jacobs Ens/SC Jacobs Enn/SC Jacobs Eng/SC Jacobs EnK/SC Jacobs Ens/SC Jacobs 

Crude O U ( c ' 0.13 NA 2.65 NA 0.008 NA 2.0 NA 0.028 NA 0.63 NA 

Dissolved A i r F lo ta t ion 0.1 0.27 4.15 0.025 0.1 2.0 4.8 0.05 15.7 7.0 72.3 85 .0 

API Separator Sludge 0.3 0.4 11.7 19.3 0.2 0.001 13.7 9.8 55.2 18.6 191.6 298.0 

Wastewater Treatment 
Plant Sludge 0.08 0.18 5.85 0.025 0.25 0.01 4.74 0.05 8.6 9.5 200.0 122.0 

Storm Water Runoff Si te 0.63 0.30 24.0 85.0 0.8 1.7 21*.0 69.0 73.0 28.3 207.0 230.0 

Tank Bottoms (Crude) 0.051 0.48 9.7 16.2 0.39 0.03 11.8 17.4 7.2 65.4 9.9 145.0 

Tank Bottoms (Leaded) NA 0.57 NA 314.0 NA 6.9S NA ' 5.4 NA - 141.0 NA 9092.0 

Tank Bottoms (non leaded) NA 0.43 NA 26.7 NA 12.0 NA 21.9 NA 85.1 NA 285.0 

Once T h r o u g h ' 0 ' 
Cooling Sludge 0.19 0.51 14.0 35.0 2.7 1.6 11.0 39.0 47.5 153.0 49.5 125.0 

Cooling. Tower ' c ' 
Sludge 0.12 0.09 15.0 6.8 1.6 0.015 29.0 7.8 170.0 50.0 490.0 675.0 

FCC C a t a l y s t ' 0 ' 0.22 0.004 190.0 241 0.9 0.01 230.0 240.0 23.0 17.5 37.0 39.0 

Kerosene F i l t e r Clay NA 0.004 NA 0.04 NA 9.6 NA 35.0 NA 11.4 NA 25.0 

Lube O i l F i l t e r Clay NA 0.19 NA 11.1 NA 1.1 NA 33.0 NA 4.3 NA 57.6 

Heat Exchange Bundle 
Cleaning Sludge NA 1.9 NA 116.0 NA 27.2 NA 25.0 NA 71.0 NA 194.0 

Slop O i l Emulsion Sol ids NA 0.59 NA 50.0 NA 1.0 NA 25.0 NA 48.0 NA 250.0 

Coke Fines NA 0.04 NA 580 NA 0.01 NA 455.0 NA 4.0 NA 14 .0 

Neutral ized HF Alky la t ion 
Sludge NA 0.07 NA 55.2 NA 7.10 NA 2.6 NA 14.3 NA 9.1 

Spent Lime from 
Bo i l er Feedwater NA 0.4 NA 2.5 NA 0.01 NA 0.05 NA 3.8 NA 15.0 

(a) Jacobs data reported on 
(b) Noted constituents are 

a dry 
not 11 

weight bas i s , Eng/Sc and ERM data 
sted Appendix VIII Constituents , 

Is on a 
however, 

whole weight basis 
compounds 

• 

containing these constituents are l i s t e d in Appendix V I I I . 
(c) Engineering Science (Eng/Sc) data Is for s o l i d phase only. 
NA a Not Analyzed 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 3-9. 



TABLE 3-4 

MEDIAN CONCENTRATION RANGES FOR APPENDIX VIII HETALS AND ANIONS IN UASTES COHHONLY LAND TREATED 

A r i i n t c Biri -n t im Qtielat Chrealita C S B B K Ci ini i i L u i Mtrtitri Ulttetl Itlfnlnj YHII&UM 

pir f l o a t « » * i o • • • • • • 

API S e p a r a t o r S l u d t * • " • I o * 0 * 0 * • o 

Slop O i l C o u l i t o n S o l l d a » ' * N.A. 0 * 0 * 0 * o 

Wastewater Treatment Sludf,* t * * I o • o * • • * 

Tank B o t l o a n (noo-laadadt • * * o o « o * o o o 

* » <lppa« 

< » 1-10 ppot 

0 - 10-100 ppai 

1 • 100 ppa 

Source: En|InaarIn | Science, 1976 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 3-10. 



T A B L E 3-5 

C O N C E N T R A T I O N S O F B E N Z O - A - P Y R E N E AND P H E N O L I N P E T R O L E U M W A S T E S 

Benzo--a-Pyrene (ms/kr) Phenol (m«;/kr) 

Jacobs(a) En*/SC(b) Stewart(c) Jacobs(a) En«:/SC(b) Weldon(d) Stewart(c: 

Crude O i l NA 1.5 NA NA 5.6 NA NA 

Disso lved A i r F l o t a t i o n 0.002 1.9 0-1.75 6.5 3.1 . NA 3.0-210 

API Separator Sludge 0.004 0.7 0-3.7 13.6 2.75 NA 3.8-157 

Wastewater Treatment 
Plant Sludge 

0.003 0.5 Trace 4.5 1.0 NA 1.7-10.2 

Storm Water S i l t 1.27. NA NA 7.5 1.2 NA NA 

Tank Bottoms Crude 0.11 1.7 0-0.6 15.8 3.3 NA 6.1-37.8 

Tank Bottoms (Leaded) 0.21 NA NA 126 (3.75 & 2.5) NA HA 

Tank Bottoms (Non-leaded) 0.6 NA 0.3-0.9 1.8 NA 4.6 1.7-1.8 

Once Through Cooling Sludge 0.004 NA 0-1.8 2.0 2.5 NA 0-2.1 

Cool ing Tower Sludge 0.004 NA NA 3.5 0.79 NA HA 

FCC Catalyst 0.005 NA NA 2.1 0.39 NA HA 

Kerosene F i l t e r Clays 1.8 

NA 

NA 

0.01 

NA 

NA 

2.6 

NA 

NA 

2 . 7 5 ( e ) 

NA 

NA 

HA 

HA 

Lube O i l F i l t e r Clays 0.1 HA NA 3.2 NA NA NA 

Heat Exchange Bundle 
Cleaning Sludge 

2.2 NA NA 13.3 NA NA NA 

Slop O i l Emulsion Sol ids 0.003 NA 0-0.01 15 NA NA 5.7-68 

Coke Fines 0.002 NA NA 2.0 NA NA NA 

Neutral ized HF A l k y l a t i o n 
Sludge 

NA NA NA 8.9 NA HA NA 

Spent Lime From B o i l e r 0.002 NA NA 2.1 NA HA NA 

Feedwater 

a) Source - Jacobs, 1976 Industry-wide Survey 

b) Source - Engineering Science 1978 Industry-! 

c) Source - Stewart, 1978 Select Wastes 

d) Source - Weldon 1982 Select Wastes 

e) Includes Kerosene and Lube O i l F i l t e r Clays 

NA - not analyzed 

Source: E n v i r o n m e n t a l Research 

Survey 

and Technology, ( 1 5 ) , page 3-11. 
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TABLE 3-6 

APPENDIX VTII ORGANIC CONSTITUENTS ANALYZED FOR IN 

SELECT PETROLEUM REFINERY WASTES 

Constituent 

DAF Sludge* 

(mg/kg) 
as i s basis 

API Separator* 5 

Bottoms (mg/kg) 
as i s basis 

Digested* 
Bio Sludge 
m*/kK P.M. 

Benzene 

Toluene 

Pherfol 

4,6-dini t r o - o - c r e s o l 

Benzo(a)anthracene 

Benzo(k)fluoranthene 

benzo(a)pyrene 

chrysene 

Fluoranthene 

Naphthalene 

Di-n-octylphthalate 

+ bis-(2-ethylhexyl) 

phthalate 

Nitrobenzene 

102 

1700 

1.3 

N.D. 

N.D. 

N.D. 

N.D. 

51 

N.D. 

1430 

22 

230 

1200 

0.19 

N.D. 

160 

N.D. 

N.D. 

140 

N.D. 

N.D. 

N.D. 

1 

0.6 

13.4 

N.D. 

N.D. 

N.D. 

N.D. 

20.1 

N.D. 

Trace 

49.0 

a - mean value 

b - only one sample 

D.M. - dry matter 

N.D. - not detected 

Source: PACE, 1983 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 3-13 
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TABLE 3-7 

CONCENTRATION RANGES FOR SPECIFIC APPENDIX VIII 

CONSTITUENTS IN EP TOXIC EXTRACTS OF REFINERY WASTES 

(mg/l i n the e x t r a c t ) * 

Constituent Separators Slop O i l DAF Biopond 

Toluene 0.31-5.7 4.8-13 5.7 2.2 

Naphthalene 0.01-0.24 0.14-1.6 0.32 NA 

Fluoranthene 0.035-9.4 1.7 10 NA 

Chrysene/Benzanthracene 0.14-15 0.40-1.5 15 NA 

Benzopyrene/benzo 
fluoranthene 22.7 2.9 11 NA 

*The concentration i n ug/g of o r g i n a l s o l i d i s approximately .02 times the 

value given for ug/1 i n the ex t r a c t . 

NA = Not analyzed 

Source: E n v i r o n m e n t a l R e s e a r c h and T e c h n o l o g y s ( 1 5 ) , page 3-14. 
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TABLE 3-8 

APPENDIX VTII CONSTITUENTS FOUND IN 

WASTEWATER FROH API SEPARATORS AND DAF UNITS 

Antimony 

*Arsenic 

*Benzo(a)pyrene 

"•Beryllium 

*Bis<2^-«thylhexyl) Phthalate 

"Cadmium 

Chloroform 

2-Chlorophenol 

"Chromium 

"Chrysene 

"Cyanides 

DDE 

1,2—dichloroethane 

Dichloroethylene 

DietfayL Phthalate 

7,4-dioethyl phenol 

4,6—dinitro—o—cresol 

2,4-dinitrophenol 

Di-n-octylphthalate 

"Fluoranthene 

Hexachlorobenzene 

"Lead 

"Mercury 

"Naphthalene 

" N i c k e l 

4-nitrophenol 

Pentachlorobenzene 

"Phenol 

"Selenium 

S i l v e r 

T etrachloroethylen 

"Toluene 

"Previously l i s t e d as known to be present 

Source: EPA (1982) 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , 
page 3-16. 
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R e v i s e d 12/15/84 

TABLE 3-11 

FINAL CATEGORIES FOR APPENDIX VIII CONSTITUENTS IN 

REFINERY WASTES WHICH ARE LAND TREATED 

Known to be 

Present 

Arsenic 

Benzene 

Bis(2-ethylhexyl)phthalate 

butyl benzyl phthalate 

Benzanthracene 

Benzo(a)pyrene 

Benzo fluoranthene 

Beryllium 

Cadmium 

Chromi urn 

Chrysene 

Copper* 

Cyanide 

Fluoranthene 

Lead 

Mercury 

Naphthalene 

Nickel 

Phenol 

Selenium 

S i l v e r 

Toluene 

Vanadium' 

Zinc 

Suspected to be 

Present 

Antimony 

Benz(c)acridine 

Dibenz(a,h)acridine 

Dibenzta,j}acridine 

Dibenz(a,h)anthracene 

Dibenz(c.g)carbazole 

Dibenz(a.e)pyrene 

Di benz(a,h)pyrene 

Dibenz(a,i)pyrene 

Diethyl phthalate 

Ethylene dibromide 

Ethylene d i c h l o r i d e 

7 ,12-dimethylbenz(a)anthracene 

2,4-dimethyl phenol 

4,6-dinitro-o-cresol 

2,4-dinitrotoluene 

2.6—dinitrotoluene 

2,4-dinitrophenol 

di-n-octylphthalate 

di-n-propyln i trosami ne 

Hydrogen s u l f i d e 

Indeno(1,2,3-cd)pyrene 

Nitrobenzene 

4-nitrophenol 

Phthalic acid esters, N.O.S. 

Pyridine. 

Tetraethyl Lead 

Expected not to 

be Present 

A l l other 

EPA Appendix VIII 

Constituents 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 3 _ 2 l 
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TABLE 4 - 3 

SUMMARY OF A SOIL ADSORPTION DATA FOR ORGANIC CONSTITUENTS 

Compound 

Monoaromat i es 

Benzene 

T o l u e n e 
N i t r o b e n z e n e 
2 , * - D i n i t r o t o l u e n e 
2,6-Din i t r o t o l u a n a 

P h e n o l i c * 

P h e n o l 
2 , 4—Dine thy lpheno l 
* ,6—Dinitro—o—erasol 
*—Mitrophenol 
2.4—Oiaitrophenol 

P h t h a l a t e E s t e r s 

B i t ( 2 - e t h y l h e x y l ) 

B u t y l B e n z y l 

D i e t h y l 

D i - n - o e t r l 

Disaethyl 

PAH 

A q u a o u l 

S o l u b i l i t y 

1780-1800 (23*C> 

535 <25*C) 

1000 <20*C) 

270 (22-C) 

No D a t a 

93.000 (23*C) 
4 ,200 ( 2 0 - O 

16.000 (23*C) 
5.600 <18*C) 

0.4 (25*C> 

2.9 

896 (23-C) 

3 .0 ( 2 5 , C ) 

4320 (25*C) 

l o g o c t a n o l / 
watar p e r t i -
C o e f f i c i a n t 

Kow 

1 . 9 5 - 2 . 1 3 

2 .69 

1.85 

2 .01 

2 .05 

1.46 
2 .50 
2 .85 
1.91 
1.53 

5 . 3 - 8 . 7 

4 . 8 - 5 . 8 

3 .22 

9 .2 

2 .12 

O r g a n i c 
C a r b o n 

P a r t i t i o n 
C o e f f i c i e n t 

TCoc 

83* 
No D a t a 
No D a t a 
No D a t a 
No D a t a 

No. D a t a . 
No D a t a 
No Data, 
No Data 
No D a t a 

3 1 , 7 0 0 b 

2 1 . 9 0 0 ° 

1 , 8 7 0 ° 

No D a t a 

No D a t a 

B « n z ( c ) a c r i d i n e No Data 
3 « n z ( a ) A n t h r a c e n e 0.014 
B a n z o ( b ) - 0.0012 

P luoroanthene 

B e n z o ( j ) - No Data 
F l u o r o a n t h e n e 

B « n z o ( a . ) P y r e n e - 0.00S 
Chrysene 0.0018 
D i b a n z ( a , h ) A c r i d i n e No Data 
D i b e n z < a , j ) A c r i d i n e No Data 

D i b a n z U . Q ) - 0.0005 
Anthracene 

7H D i b « n z o ( c - g ) C a r b a x o l e No Data 
D i b e n x o ( a , a ) P y r e n e No Data 
Dibettzo( a , h) Pyrene No Data 
Dibenzo{ a , i ) Pyrene- No Data 
7 , 1 2 - D i a e t h y l b e n z ( a ) - 0.0244 

Anthracene 
T/luorantiiene 0 .26 

I n d e n o ( 1 . 2 , 3 - c d ) - 0.0002 
Pyrene 

Naphthalene 31 .7 

No Data 
5 .61 
6 .57 

No D a t a 

6 .04 

5 .61 

No Data 

No D a t a 

5 .97 

No Data 
No Data 
No Data 
No D a t a 

5 .97 

5 .33 
7 .66 

3 .37 

No D a t a 
1 . 8 7 1 , 4 0 0 c 

No D a t a 

No D a t a 

4 , 5 1 0 . 6 5 0 d 

No D a t a 

No D a t a 

No Data 

2 , 0 2 9 , 0 0 0 * 

No D a t a 
No D a t a 
No D a t a 
No D a t a 
225.308* 

Mo D a t a 
No D a t a 

1 . 3 0 0 d 

• T a r i c k h o f f et a l . , 1979 

b u c D u f f i e and R u s s e l l . 1982 
c H a s s e t e t a l . , 1980 
d R e i n b o l d e t a l . , 1978 

•Weans e t a l . . 1980 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , 

page 4-13. 
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TABLE 4 -4 

KINETIC PARAMETERS DESCRIBING RATES OF DEGRADATION 

OF ORGANIC COMPOUNDS IN SOIL SYSTEMS 

Sabataaca 

Tolaaae 

Tolaaan 

P y r l d l M 

•ftaael 

r a a a a l 

2, 4—« i a a t a r l p a a a a l 

4 . a - d i a i t r e - o - e r a a o l 

2 , 4 - d l a i t r o a a a a a l 

2 . 4 - d l a i t r o p k a a « l 

4 - a l t r o p a a a o l 

• is<2-atfeyl9.axTl 

pkthalata) 

O W t h T l Pktha la ta 

Napthalaaa 

Naptbalaaa 

Napthalaaa 

B « i ( < ) u t b r i c i a < 

Baaa( a) aathracaaa 

Banx(a) aathracaaa" 

Saax( al u U r u i u 

Banx< a) aattiraeaaa 

8anx(a)aathracaaa 

Baax(a)aathracaaa 

8anx(a)aathracaaa 

l a « s < a)aathracaaa 

Baac(a) aathracaaa-

8anx(a)aathracaaa 

Banx(a)aathracaaa 

Baax( ajaathracaaa 

l a i t l a l 
Coaeaatrat ioa 

Ji l t /1 ?9ll) . 

3.0OO-20.0O4 

300 

300 

300 

3-30 

20-23 

10 

7 

7 

7 

0.12 

0.12 

3.3 

70.1 

73.1 

17.2 

22.1 

42.* 

72.J 

0.07 

0.10 

0.13 

; 

i i i x l i l 

0.40-1.0 

0.10 

0.10 

O . M J 

0.313* 

0 . 3 3 - 0 . « • 

0.023 

0.023 

0.099-0.23 

0.043 

0.030 

0.173 

3 . 7 » 

0.QO3" 

0.173 

0 . 0 * * « 

0.0001 

0 . M 7 

0.003 

0.OO3 

o.ooi-

o.oo* 

0.0O3 

o.oo* 

0.003 

0.003 

0.003 

0.01* 

1/2 L i r a 
<dari) 

0 .7-1 .7 

7 

7 

1.0 

2.2" 

1-2 

30 

n 

3-7 

l a 

! • 

« 

0.12 

123" 

a«» 

13.2" 

4.230 

107 

231 

133 

1 M 

118 

232 

194 

13 a 

142 

134 

43 

tafarancs 

Oonaal lr (1979) 

•erkawUx at a l (1979) 

larfeoarttz at a l (1979) 

Hadvadav a Oavldo* (1972) 

HadvadeT 4 Oavidov (1972) 

Badvada* 4. Oavldov (1972) 

T a r a a r . l a e . (197 7) 

Ovwreaah at a l . (1912) 

Sadharkar-Bar ik 4 S a t h u a a t h a a (1978) 

Tarscaaaraa (197 7) 

Jokaaoa and L u l r a a (19 73) 

NeOaff la 4 t a s s a l l (1982) 

Karbae & Sctmal l (1978) 

Marbaa I l e f t - a l l (1978) 

Harbas k S c h v a l l (19 78) 

Harbas i Schwall (1973) 

Harbaa & Sehwall (1978) 

C n * i M | u & Sto lp (1976) 

Cardnar at a l . (1979) 

Cardaar at » 1 . (1979) 

Cardnar- at a l . (1979) 

Cardaar at a l . (1979) 

Gardner at a l . (19 79) 

Cardnar at a l . (1979) 

Slau (1982) 

S l u (1982) 

Slaa (1982) 

Slaw (1982) 

I n teaawrature (<13*C) 

«"Hl»h taaaparatura (>23*C> 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 4-14 
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TABLE 4 -4 (Continued) 

I n i t i a l 
Concentrat ion I 1/7 U f a 

Substagca (ua/x t o l l ) ( d a r - 1 ) (day.) l e f aranc* 

1.2 0.017 41 Slaw (1982) 

B*nx < *)anthracene • .7 0.017 41 Sim* ( 1 9 « 2 ) 

Cnryaena 4.* 0 - Croaaewafan &. S to lp (197*} 

CarTsene 300 0.0*7 10.3 HadvedeT a Oeridov (1972) 

Caryaane 5 0.12* 3.3 Bedvedev « Davidov (1972) 

D l b a n x ( a . j ) - « c r i d l a e 0.37 0.013 44 31** (1912) 

Dibaax<a .J ) -acr id ine 0.71 0.017 40 Slaa (.19*2) 

D i b e a x ( a , j ) - a c r i d l i i e o.*» 0.012 33 Slaa (1982) 

D l b a n x < a . j > - « c r i d l n n 37 0.01* 43 31a* (1982) 

D l b a n z ( a . J ) - a c r i d l a e •4 0.017 41 31a* (19*2) 

D l b a a x ( a , J ) - a c r i d l n a 73 0.015 4* S la* (1982) 

Indnno(1,2.3~cd1-pyrene 0.37 0.001 600 Slaa (1982) 

I ndeno < 1,2.3-<d) - pjr reae 1.14 0.002 3*0 Sim* (1982) 

I n d e a o ( 1 . 2 . 3 - « d ) - p y r a n « 1.30 0.003 200 Sim* (19*2) 

Indent(1,2,3-<d)-pyrene 37 0.001 too (1912) 

I ndano < 1 ,2 .3-cd > -pyraae 114 0.001 too Sla* (1982) 

l a d e n o ( 1 , 2 , 3 - < d ) - p y r » o e 1*8 0.001 too Slae (1982) 

Dlbanx(a.h)-aathracaaa 9700 0 . 0 3 3 " 2 1 " Uj ina fcy 4 Q u . i t . 1 (1956) 

0 i banx(a,a)-aathracaaa 3.7 0.004 113 Sim. (1982) 

Dlbanx(a,h>-aathracaaa 4.3 0.003 141 • Sim* (1912) 

Diboaxi a . h ) - « a t h r a c e a e 3.3 o.oo* 1*0 Sim* (1982) 

01banx < a .h)-aathracaaa 37 0.003 130 Sim* (19*2) 

Dlbeax<a.h>-aathracaae 93 0.0O7 99 Sim* (1982) 

D l b a a x ( a , h ) - « a t h r a c a a a ' 147 0.007 119 Slma- (1982) 

' low taaparatur* (<13*C) 

" H i t * teaparatura (>23*C> 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 4-15. 
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TABLE 4 - 4 (Continued) 

Init ia l 

Sabatanc* 
Coaeaatrat loa 

( u « / i fOtl) 
I 

(dar" 1 ) 
1/7 U f a 

(daYf) l a f a r a n c a 

Fluoraathaaa 3.9 0.01* 44 Croanaaiaaaa 4 Sto lp (19 7*1 

Plaoraathaae u . o 0.004 117 Cardnar at a l . (1979) 

Fluoraathaaa 73.0 0.007 103 Croaaawataa a S to lp ( 1 9 7 « > 

Plaoraiithaaa It.3 0.003 143 Cardnar at a l . (1979) 

f l o o r aa taaaa- 20.9 0.004 1 M Croaaawagaa 4 S to lp (197*) 

r iaoraathaaa 44.3 0.004 173 Cardnar at a l . (1979) 

Fluoraathaaa 72.1 0.003 133 Cardnar at a l . (1979) 

Baaxo<b) f l o o r aataaaa 0.33 0.007 9 « 3 law (19*2) 

laaxa<b) f l o o r aathaaa 0.37 0.00* 123 Slaa (19*2) 

l*axo<b) f laoraatbaa* 0 . M 0.00* 130 Slaw (19*2) 

laax>( b) f laoraatbaae 33 0.010 *7 Slaa (19*2) 

Baaxo< b) f laoraatbaaa *« 0.00* 13 SlaM (1982) 

Baaxo ( b) f luoraatbaaai 33 0.010 73 Slaw (1982) 

Banx(a)prrnaa- 0.0*0 0.014" 30" Harboa 4 S c b v a l l (19 78) 

Baax<a)pjTM* 0.01 0.001" •94" Harboa 4 Scnwall (1978) 

BaaxCalprraaa 3.4 0.012 37 Croanawaaaa 4 Sto lp (197*) 

S * n x ( a ) p y r » a * 9.3 0.002. 29* Cardaar at a l . (1979) 

S a a x ( a ) p r r » a * 17.3 0.003 1*7 Cardnar at a l . (19 79) 

B a a x f a ) p r r * a « 7.* 0.003 7*4 Cardnar at a l . (1979) 

laat(a)prr<aa 11.3 0.073 30 Cardnar at a l . (1979) 

S a a s l a l n r t a a 17.0 0.002 420 Cardnar at a l . (1979) 

S*nx<a)|>rr*aa 37.* 0.0O4 173 Cardnar at a l . (1979) 

Baox(a)pyraaa 1.0 0 . 3 * 7 « « 2" Shabad at a l . (1971) 

B a a s ( a ) p T r a a « 0.313 0.34 7"" ^ • Shabad at a l . (1971) 

>aax<a)pyr*a* 0.00133 0 . 1 3 9 " 3 " Shabad at t l . (1971) 

8anx<alpyraaa 0.0O94 0.002" « 0 » " Shabad at a l . (1971) 

Baaxfaiprraaa 0.343 0.011 «* Shabad at a l . (1971) 

BaaxCaJpjraae 2*. 3 0.019" 37" Shabad at a l . (1971) 

Baax(a)pyr*aa- 2*.2 0 - Shabad at a l . (1971) 

'tram taaniratoro (<13*C) 

* * H l » h taaataratur* <>23""C) 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 4-16. 
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TABLE 4-4 (Continued) 

Ia i t la l 

3gb«t»ne* 
Coaeaatrat ion 

(u . / i t o l l ) 
K 

(day" 1 ) 
1/2 U f a 

<d4Y»> Befaranca 

8anx(a)pyraaa • ,100 0 . 0 1 8 « " 3 9 " L l t l n a k T t Qui tate l (1936) 

Baex(a)pyrana u . s 0.099 7 Pe>flaxo*a at i i l . (1967b) 

• • a x ( « ) p 7 r « a « 19.3 0.139 3 f o » l a x o » a at i >1. ( 1 9 « 7 b ) 

Baax(a)pyrana 19.3 0.231 3 taflaxova at i 1. (1947b) 

Banx(a)pyrane 130.* 0.173 4 Poslaxova at < 1. (1967b) 

8anx<a)pyrane 130.6 0.11a 6 Po(laxo*a at • 1. (1967b) 

Benx(a)pyrene 0.3a 0.OO9 79 31a* ( 1 9 « 2 ) 

Seax(a)pyreaa 0.41 0.00* S3 Slaw (1982) 

Banx(a)pyrene 0.73 o.oo* 120 Slam (1982) 

Benx(a)pyreaa 3* o.oot 92 Slaw (1982) 

Benx(a)pyrane 33 0.0O7 100 Slaw (1982) 

Benx(a)pyreae 6* o.oot 92 Slaw (1982) 

• U M taaaparature < < 1 3 " C 1 

" H l f h teapareture < > 2 3 * C O 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 4-17. 
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TABLE 4-5 

ESTIMATES OF DEGRADATION AND IMMOBILIZATION CONSTANTS 

MONOAROMATICS 

Benzene 

Toluene 

Nitrobenzene 

2,4 Dinitr o t o l u e n e 

2,6 Dinitr o t o l u e n e 

PHENOLICS 

Phenol 

2,4-dimethylphenol 

4 , 6 - d i n i t r o - o - c r e s o l 

4-nitrophenol 

2,4-d.ini trophenol 

PHTHALATE ESTERS 

B i 3 ( 2 - e t h y l h e i y l ) 

Butyl Benzyl 

Di e t h y l 

D i - n - o c t y l 

Dimethyl 

PAH 

Benz(c)acridine 

Benz(a)anthr ac ene 

Benzo(b)fluoranthene 

Benzo(j)fluoranthene 

Benzo(a)pyrene 

Chrysene 

Dibenz(a,h)acridine 

Dibenz(a,j)acridine 

Dibenz(a,h)anthracene 

Source: E n v i r o n m e n t a l 

F i r s t Order* Carbon P a r t i o n b 

K i n e t i c Constant, K C o e f f i c i e n t , K 

(days" 3! (ml/g) 

0.1-1.0* 

0.40-1.0 

0.01-0.1* 

0.01-0.i e 

0.01-0.i e 

83 

100-1000* 

10-100* 

io- ioo e 

10-100® 

0.69 

0.35-0.69 

>0.023 

>.0.043 

>O,025' 

io - ioo e 

ioo-iooo e 

100-1000* 

10-100* 

10-100® 

>0.05 

O. l - l . O 8 

>0.17 

0.01-0.109, 

o . i - i . o 6 

31,700 

21,900-7 e 

1,870 

>1,ooo.ooo6 

100-1000* 

0.001-0.10 

0.003d-0.017 

0.006-0.010 

0.001-0.io e 

0.002-0.023 

0.067-0.126 

0.001-0.108 

0.12-0.017 

0.004-0.007 

100,000-1,000,000 

1,871,40 

>1,000,000 

>1,000,000 

4,510,65 

100,000-1,000,000 

100,000-1,000,000 

100,000-1,000,000® 

1,668,800 

Research and Technology, ( 1 5 ) , page 4-1 
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TABLE 4-5 (Continued) 

ESTIMATES OF DEGRADATION AND IMMOBILIZATION CONSTANTS 

F i r s t Order 

K i n e t i c Constant, K 

(dar3—) 

Carbon P a r t i o n 

C o e f f i c i e n t , K 

(ml/O 
oc 

PAH (Continued) 

7,H Dibenzo(c,g)carbazole 

Dibenzo(a,e)Pyrene 

Di benzo(a,h)Pyrene 

Dibenzo(a,i)Pyrene 

7,12-Dimethylbenz(a)-

anthracene 

Fluoranthene 

Indeno(1,2,3,cd)pyrene 

Napthalene 

e 

e 
0.001-0.10 

0.001-0.10 

0.001-0.10* 

0.001-O.10* 

0.001-0.10 

0.004-0.016 

0.001-0.003. 

0.005-0.1731 

100,000-1,000,000 

100,000-1,000,000* 

100,000-1,000,000* 

100,000-1,000,000* 

225,308 

100,000-1-, ooo, oooe 

l.ooo.ooo 8 

1300 

a » D experimental values from Table 4-19 
dropped low experimental value 

e estimated value ( 3 e e text) 
^ dropped high experimental value 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , page 4-20. 
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TABLE B2-1 

RING ARRANGEMENT AND RELATIVE STABILITY 

Ring Arrangement 

Linear C l u s t e r Angular 

D e s c r i p t i o n a l l rings i n l i n e at l e a s t one ring rings in step: 

surrounded on 

three sides 

S t a b i l i t y * l e a s t intermediate most 

Examples anthracene pyrene phenanthrene 

tetracene benzopyrene chrysene 

SOURCE: BLUMER 1976 

+Chemical s t a b i l i t y in the environment from l e a s t to most stab l e , 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , Appendix 
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TABLE B2-2 ( C o n t i n u e d ) 

PHYSICAL CHEMICAL PROPERTIES Of SELECTED PAH COMPOUNDS 

Molecular Physical 
Heme f Ring* formula Weight Propert ite 

Naphthalene 2 C I0 M 8 1 5 8 s ° l ™*n H7° ' 3 1 

H.P. - 80.2'C 
B.P. - 117.9'C 
V.P . - t . 92« . lO~ 2 

log K o w - 3 . j ; 

H.P. - Melt ing Point 
B . P i • Bo i l ing Point 
V . P . • Vapor Preaaure at 2-*C In torr 

l o | K 0 M • logarithm of th * oc tano l ; water c o e f f i c i e n t 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , Appendix B. 



TABLE B2-2 (Continued) 

PHYSICAL CIIEH1CAL PUOPERTIES OF SELECTED PAH COMPOUNDS 

Ha me # King a Fonaul a 
Molecular 

Weight 
Phyaleal 

Propert iaa 

Banxlet a c r U l n e 

Dibent <a,h) Anthracene 
1 ,2 :5 ,6 -pibenianthracena 

7ll-0ibento (c,g) -
Ca rliato I c 
J - A » a r 7 l l - J i b e m o -
(c,g) fluorene 
) ,4,5.6-l>ibenio-
carbazole 

Dibenao (a,e) pyrene 
Haphthu (1 ,2 ,1 , <ir«y) Chryaene 
I , 2:4, 5-ui bentopy rene 

Dibsnio pyrene 
1,2:6,7-l>ibentopy rene 
1,4 :B,<l-()il>ei)«ppyrtsne 
Uibcnto (b, Je f )chry;tHie 

Dibenso ( a , i ) pyrene 
Beitiu (rat) pent aphena 
I , 2 i 7, 8-1) i be nippy rene 
1,4 :9,10-pi be nippyrene 

7,1 2-l)imeihy Iheita(a)? 
anthracene 

Flimf anlhene 

C U H U M JJ9 

C 2 2 » U 

CJQ I IIJH 2 6 7 

Sol Mg/l H 20 * No Data 

c 24" l * , 

C 2 4 » U 

Cji.11,4 

C 20 H I6 

302 

302 

2)6 

202 

Sol Mg/l IUO - .0005 
H.P. - 266*C 
i .P . - 524"C 
V.P . - l . O a l O - 1 0 

log K o w - 5.97 

Sol Hg / l II20 
M.P. -
>.P. -

Sol Mg/l 11,0 
H.P, « 225"C 
8.P. « 

Sol Hg / l 11,0 
H.P, • 315*C 
B,P. " 

Sot Mg/l IWO -
H .P . - 282'C 
8. P. • 

Sal Mg/l M 20-
« , P , - 122.5*0 
l . P . • 

Sal Mg/l IIjO - 0.26 
M.P. - 110*0 
B.P. - 191'G 
V.P . * 6.0<10 -6 

ln<leno (1,2, 1-Cll) pyrene 
Q-p,he;uytttii<: pyrene * 

C3 2 l t | 2 276 Sul Hg/ l IIjO - .0002 
H . P . - 162.5*C 
B.P. - V .P . - I . O x l O " 1 0 

»"8 K c 7.66 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , Appendix B. 
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AcunupliClicnco 
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A Kiurounthene 
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• A c r i d i n e 

Dun*(a)anthracene* 
Jlcuz(a)pyrene 
8llcnz(c) 

Chryscnt.il 

llunz(k)fluor 
•I'cry 1 ene 

pyrene 

• Dibenz (a!i) anthr scene 

I5U 1/5 200 225 

Noleeulur Ht;tj;l(C 

250 

|»Indeno(t t 2^3-cd)pyrene 

275 300 

I'ii;ure 1)2-1 Solubility its n function of Molecular Weight for PAH Compounds 

S o u r c e ; E n v i r o n m e n t a l R e s e a r c h and T e c h n o l o g y , ( 1 5 ) , A p p e n d i x B . 



TABLE 82-5 

ADSORPTION OF PNA'S BY ACTIVATED CARBON AND BY SOILS AND SEDIMENTS 

(SIMS AND OVERCASH 1983) 

£NA Lot; K* w 

Naphthalene 3.37 
2- Methylnaphthalene 

Benzo(b)thiophena -

Anthracene 4.45 

Benzo(fJquinoline -

Acenphthalene 4.07 

Phenanthrene 4.46 

Fluorene 4.18 

9H-carbazole 

Fluoranthene 5.33 
Tetracene -

Pyrene 5.32 

Benz(a)anthracene 5.61 
Dibenzothiopene 

3- Methylcholanthrene 6.97 

Benzo(b)fluoranthene 6.57 

Benzo(k)fluoranthene 6.84 

Benz(a)pyrene 6.04 
Dibenz(a.h)anthracene 5,97 

Benzo(ghi)perylene 7.23 

7H-dibenzocarbazole 

Acenaphthene 4.33 

S o i l s and Sediments 

SO 
0 . 0 1 - 0 . 0 5 c 

1,313 

175* 

26,200 d 

137& 

IB ,196(mean) f 

76,000 d 

22-,7.?4(acut)f 

26,233(mean) d 

8 f -500 d 

26,600d 

23vOOO d 

650,OOO d 

84;GQ0d 

.10v24O(mean)£ 
1,789,OOQ(mean)f 

4,510,651(mean)d 

2,029,000<mean)f 

* Versar (1979) 
Dobbs & Cohen (1980) 

* Herbes (1979) 

Reinbold et a l . (1978) 

* McBride et a l . (1975) 

Means et t l . (1980) 
5 Hassett et a l . (1980) 

K o w - Octanol water p a r t i t i o n c o e f f i c i e n t 
K - Freundlich isotherm constant 

K o c - Organic Carbon p a r t i t i o n c o e f f i c i e n t 

Source: E n v i r o n m e n t a l Research and Technology, ( 1 5 ) , Appendix B. 
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TABLE 82-5 

ADSORPTION OF PNA'S BY ACTIVATED CARBOH AND BY SOILS AND SEDIMENTS 

(SIMS AND OVERCASH 1983) 

PNA 

Naphthalene 

2- Methylnaphthalene 
Benzo < b)th iophene 
Anthracene 

B e n z o ( f ) q u i n c l i n e 

Acenphthalene 

Phenanthrene 
Fluorene 

9H-carbazole 

Fluoranthene 
Tetracene 
Pyrene 
Benz(a) anthracene 
Dibenzothiopene 
3- Methylcholanthrene 
Benzo(b)fluoranthene 
Benzo< k) fluoranthene 
Benz(a)pyrene 
Dibenz(a,h)anthracene 
Benzo( s h i)perylene 
7H-dibenzocarbazole 
Acenaphthene 

S o i l s and Sediments 

aw 

3.37 

4.45 

4.07 

4.46 

4.18 

5.33 

5 • 3*t> 

5.61 

6.97 

6.57 

6.84 

6.04 

5.97 

7.23 

4.33 

50 
0.01-0.05 c 

1,313 

175* 

26,200* 
1378 

18,196(mean) f 

76.0OOd 

22,774(mean) f 

26,233(mean) d 

l,300 d 

8,50Od 

26,OOOd 

23.00O d 

650,OOOd 

84,000 d 

10,240(mean)S 

1, 789, 000(mean) f 

4,510,651(mean) d 

2.029,0OO(mean)f 

J V e r s a r (1979) 

Dobbs & Cohen (1980) 

^ Herbes (1979) 

Reinbold et a l . (1978) 

* McSride et a l . (1975) 

Means et a l . (1980) 
5 Hassett gt a l . (1980) 

K o w - OctanOl water p a r t i t i o n c o e f f i c i e n t 
K - Freundlich isotherm constant 
K o c - Organic Carbon p a r t i t i o n c o e f f i c i e n t 

S o u r c e : E n v i r o n m e n t a l R e s e a f c h and Technology, ( 1 5 ) , Appendix B. 
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